^¥6-45622 

(43)SRIB iftfc 6^(1994) 2^180 



H ° 1L 31/04 7376-4M H 0 1 L 31/04 



(21) HJffiS*J 

(22) HlSB 



4 ^(1992)7^238 



(54) [%^05*») ±»®feRtf*<»S&£& 
(57) [gift] 



(71) *ffiA 000001007 

«S4S*fflETA? 3 T@30# 2# 

(72) ssw# ebb sse 

Srj®*IBET*/F 3TB30$2^*+ >» 

(72)iewff 

(74)«SA #9± ^ 



sarin mvhz z t mmk-tzmxm ifcia«<o* 

[»**s] MrEW-osMiffl^tefi^ya^tt, * 
y v-c* 6 r t zmmt 1 icia^o 

*B«fto 10 
*B«fto 

♦Alt* Pay, K^a^K*-©*** y a vtf?® 
a v-c*6 w fc Sr««ti-5»*« 5 fcE<fcO*B« 

*6fcE*W>*BW6. 

[»*^8] MEHtroMi/y visas' y 

3^CM:i: &W8fc^SSf #«5 fcEft<D;fcB« 

iw*« i o ] m&m-<om&iyy =r^n x ^E#a 

fc 5 E*W>*B«l!u 

[»#*n] «EBx«>f**$/!) ay©Wtt, l 

0 j/ m£JLt 1 0 0 i£ m^TTfeSr fc SrWftfci-SIt* 

1 2 ] »e» - <&« * ^3 ^©*Bfc¥* 

•f *U> l *KE*W)*BW6. 
[is*jg 1 3 ] «rB*r*>**s/>j 3 voit^tt, 

0. l cm»TT*<5rfcSr»«fc-t*a»**575Ml 

2 ©vvf *t*» 1 3fcBlt4>*BmttL 40 
W*«MJ WE»-©»fti/y a-^Sffitt, T 

3 1 *cEtt<D*««». 

5] i) !S-(08fii/y3^«Mi: 
BMKbJUcJ: 0 #MtJI Xftfc, 

1 i) ttE*ILKlO±lwWroK*5/y3^«:»rtti- 

i i i) ttE£X0tt*i/i> 3>o«as«r7^^^^fi: 
■fSXHfc, 

i v) WEKX^jeft^ya^O^ffiJC^ftS^ft* 50 
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tf-rsx&fc, 

Sr^tf r fc Sr#»fci~6*:Bmfe<o»ji^&, 
IttttSi 6] i) a^ofrflWffifc. 

BffiftUfcfc J: 9 ^n.M<r»A^«XSfc . 
i i) lllE*?LHJBO»*oj*i?9lc**ftft:8raetT 

i i i) MEM.mtr*HSKR:B* a r«X«fc % 

i v) BAAfi»^J:9llrBftKSC±onE»?LltB 

±lcB-ott*->» a^«r»*raxBfc, 

v) |(B8;o»*i/y ayotiliiWmirM 

-TSXgfc, 

Sr^ter fc Sr#»fc-ri*B^oJ4it*Sc 
[HS*Jg 1 7 ] MEB-oBfc^y a^fi s JMSfif 
ya>^3i^-e«>5^fcSr»«fc-r5»*3gl 5^^(1 

1 8 ] «rE»-<D*S&S/ y a >-tt, MUkt/ 
ij ay^x/NtfeS: fc &<fc«fc 1 5 *tc& 
l 6lrEtto*Bm»o«5g*fto 

[B#« l 9 ] NEB - >^ ffiia^tt 

fc §r^«fci-6IS*^ 1 5 *fctt i 6 fc:fitt0*:B£ife 

2 o ] UEfBXOfSft y a fflfa^ JL 
R«fc¥fSfi*>y av^/Nfco»?)*b*lcj:D#fe 
tt5 r fc MMftfc l 5 KEttoABBttOft 

[000 1] 

[bb±g>«jb#»] «nutttiiKtRott# 

!fcfc.«fclK »lcjc«-cftff*«KtSr*i-ttftjkBWft 

[0 0 0 2] 

LT*B«»#«fflSitT^^ 
[0003] *BS»tt«ffi«»^P n»&Srfflv^T<a 
9, Kpn«^Sr««i-S^**fcLTtt-«lci/y3 

a^**JfcS*tXV^^ *^*A'^-8rfi«^fc« 

9 a>#ff$ L 

^1t#>, «3^hO*«fi^yav*B«»3ft 5 5*<B* 

[0 0 0 4] #£fir>y a^cJ:5ffi»^BS»OM 

i5t<0^3IS$ttTV>5 (A. W. B l a k e r s 
and M. A. Green, Applied Phy 
sics Letters, vol. 48, p2 1 5, 
1 9 8 6;R. A. Sinton, Y. Kwark, 



(3) 
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J. Y. Gan and R. M. Swanson, I 
EEE Electron Device Lette 
r s, vol. EDL-6, p 56 7, 1 9 8 6 ; T. 
Saitoh, T. Uematsu, Y. Ki da, 
K. Matsukuma and K. Mo r i t a , 
Proceedings of ] 9 th I EEE P 
hotovoltaic Specialists C 
onference, p 1 5 1 8, 1 9 8 7) 0 

[0005] ^tib<oi&®&Xf§immz&^x\t&&m 

loooe] l*>u ®\z?jttftv>&M*&x.xm®m 
[0 0 0 7] -^xm^>v ^<D%mLmib'm 

(E. Fabre and C. Belouet, Pr 
oceedings of 15th IEEE Ph 
otovoltaic Specialists Co 
nference, p. 654, 1 9 8 1 ) „ HBgSKfi 

ftt>tix^Z>i>K »WkfcHftoti«ft»lt^*t> 
[0008] £fc*Bfc 

ottK«f3JWtRia«^±*n«J:<, (fotttft 
FZ&fc£/8^6&£t>fc<ft<5 0 XHC^ft 
Sb&^B SF (Back Surface Fiel 

[0 0 0 9] jS^lCfc^Ttt, 7^777^^ 

£ * < |ig«fc»R0£*Sfi £ * 7 -r * 



d&i-6*fe*5!BBsnTv^5^, «*tt»ffi;-et>o. 1 

mm~0. 2mm«Ki:40IS*^»3Vi:LT*»« 
fc*S*+»4iW (2 0-5 0 urn) \^it^tmmit 

[ooio] ^t^t, v>o^(0^h»efii/»;3vS« 

»*ttta^hfcSra«1-«l*^li3B*tlTV^ (M 
ilnes, A. G. andFeucht, D. 
L. , "Peeled Film Technolog 
ySolar Cells", IEEE Photov 
oltaic Specialist Confere 
nee, p. 33 8, 1 9 75) „ 
[0 0 11] L^L4«5 6>r<0*ifeTtt*«a:<fc5*« 
*i/JJ =*>b&&x-X**i' J rS\'mi:Offl\ZS iGe<0 
20 *mm%ftA£&X^TV*V**is*;i>&&Zlttc±. 

[0 0 12] £fc, U. S. Pat. No. 4, 81 
6, 4 2 0^BS^$ttTV^^fc i-ftfefe* 

9. nm<on&±j&mmm^fi^^b^^thit 0 

[0 0 13] L**U -<0*ft^*5V^^^^WtCfi9!Jt 

40 LTt> (»l:ttl/imW 7^mmm 

[0 0 14] *fc^***t£ ITS i 0 2 ^K1 0 
0 O^^StKiafCl^x^^^yt^M^ 

S i O z i:<DRJClCj:oT^y a^/S i 0 2 #®i£ 
50 Wttl^*4KK*<r4jL5&v^9nH^«>5. 



(4) 



tfH ¥06-045622 



[o o i 5] «*ottft->y av£ffli\rc*R&S 
100 16] ZOtctb, pii»*fcWrtli:ff5©T 

So 

[0 0 17] L*»Lft#fc* tt*a -S i Cttffifty? 
<> »m^ttlO-2 S /cm^±|C-f6^t«:ffl)iT$) 

«r£tt-W-<ft#4a -S i C/->D ayJfS^fcii 

[0 0 18] r.<Oj^SrjK8t-r*fc«>(CECR (E 1 e c 
tron Cyclotron Resonance) 

^jx^m&m^xti c -s i c&mmL&L&tt^Tv 

«^SbkB«ftSr««-fa*W^ff*>tiXV^5 (Y. m 

atsumoto, G. Hirata, H. Takak 
ura, H. Okamoto and Y. Hamak 
a w a , Journal of Applied Ph 
ysics, 6 7 (1 990) p. 6 5 3 8) fl L£>L 

[00 19]-^ MtmfrJBVvf Ki/jJ n^gfc-c 

[0 0 2 0] 

[0 0 2 1] Wfc % ^(DMli, i/yay«6 

[0022]^:, nm<Dmm&*m#*R^zzkx 

[0023] Ml-, A#4E«tttr*'f)*mi 

[0 0 2 4] 

[00 2 5] *&0!<D« 1 (Digit ^-<^^m^(D^ 



[0 0 2 7] *3g8io}g 3 cost tt, i ) W-OtSAi^ 

Xtkts i i) (WE«LKJlO±K:JSrott*^ya> 
Srfl^-t-SIfii:, i i i) Wia«-<OfefiixiJ=i>o 
to £ffi£x**^-HfcrfsxiI£: x i v) flrlEJSZfcfSft 

[0 0 2 8] Efc*#W<0»4O®gHu i) 

-tzxmt s i i) fifa^7L«:Jico^co^«9i^fi£ 

Sa®-<0jefiv-ya^J:r)^|t*t-5Xmi:, iii)ffl 
fa^g^^JSSffilcgilr-t-^X^i, i v) w 

20 &i/y ay^tiii^ v) ttia«-©ttfti/y 

[0 0 2 9] 

[«U8] *3W0*IMM©*S*BI 1 (a) , (b) 
(c) \Z % *:h*h^tt*:/p**&B2, GS3& 
tf!2i4lc:^-f 0 
[0030] 01 (a) 2fctWa2fc::*5Vvt* 101a, 

2 0 Ifi»l»tB§gOttfi5/y 3V, 103a, 20 3 
tt^2(D«m^O#?LKi/y =^Ji s 104a, 2 04 

30 ttg93«m®x 105a, 2 0 5tj:lfm 106 
a, 2 0 6»Iim 2 0 2|4JB2O*«aHT* 

[o o 3 i] Eutcfc^-c, isy=i>$=c.^<Dmm^ 

&&&]&f&*tZ> (1212 (a) ) 0 &K£^/N<D*fc&$)$; 

(si 2 (b) ) % z<D±\z.&wmmm&£vmmm 

6 (1212 (c) ) 0 
40 [00 3 2] #?L« > y a Vtt3t»lR«»*«6^ y 3 
>-C9-etL|Clt-<T7)^t)/jN$<^-5 (H. Koyama 
and N. Koshida, Extended A 
bstracts of the 1991 Inte 
rnational Conference on S 
olid State Devices and Ma 
terials, Yokohama, 1991, pp. 

3 14) 0 ftoT, £i§r>y 3^*ffiSrKtSft->y a 
> fc R»W«fi<&«Llt * y =i ^ 4: K J: 

50 &®&om^xw i mfoZft®^z-t&^mbti:z> 0 
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10 0 3 3]®! (b) &tfl2l3|c:;fc^T, 10 lb, 

3 0 3ii&jR&8u 102b, 30 2n#?Le^y 

®, 103 b, 3 0 4fct§52<DiS l § l v'!/ a>J§, 104 
b, 30 5fil0 3b£tf3 04t£#g®^O*Nlv' 
y=i>, 105b, 3 0 6 ttg9§3|®g, 106b, 3 

0 7n«m«®s 30 lottA^y a^a, 

[0 0 3 4] BaiCjS^Tn *>!)3y^A(0^H 

FJ8«*T»Wfc*lcj:9#aKfl:t (03 (a) ) , 

wmit^zvfm'tz (©3 (b> ) 0 &K#mL 

(c) ) , *KK±\z*\Z**i/**ti 1 lk\z.*9i/ya 
>^&$££i*r (03 (d) ) , gr>y a^JI^ffi^g 
££^£LT*|g®»^3t)0^&5 (03 (e) , 

(!) ) o 

[0 0 3 51 01 (c) &tf04|C:fc5^T, 10 1c, 

4 0 ltt.mi(Dl&M l >>}) a>, 102 c, 4 0 2 tt^TL 
ff^yavJi, 10 3c, 4 0 3»$2O^>!)3y 
JI, 104c, 4 0 4ttl0 3c&TJ ? 4 0 3£R*tgl; 
SOW^ya^ 105c, 4 0 5ttg^m 1 
0 6 c, 4 0 6fift®@g*efc£o 

10 0 3 6] 04IC*5V>T N *S}) a^fra^OSffifcH 
FWKt-CBWbfieiciO^TLRfcL (04 (a) ) , 

±fca: *$/*/W»fc: i!)'>!)3 "yfg L 
fc^VNti^TL^tS'JOi/y a V^a^fc&Ii 

^lca;i9^>y3r^^L (04 (b) ) , gr>y 

nMk-tZi><DXlbZ> (04 (c) - (e) ) e 
100 3 7] 03&tf4K*5^T, #*Lft/|£^±l£ 
Ltc% 2 (D&Mti' ])=t>mt (ORE tt0 5 l^-f £ 

z>ztwzz> 0 wOfcft^y ^^mornzzi oo^ 

[0 0 3 8] **WO*?LK*<o^fifclJ:«:, 



[0039] mmit&imz&nnisv 

(T. Unagami, J. Electrochem. 
S o c. , Vol. 127, 476 (1 9 8 0)). L 
-*T&fittnSi/y a^"C*>*Vtf*7LH<b$il 
5tV^*S£t>fct) (R. P. Holmstrom a 
nd J. Y. Chi, Appl. Phys. Let 
t., vol. 42, 386 (1983)), plnl 

io oSiJ&Bfc-fteSfcv'y a^-e^?LH^^S8t?fe5, 

IPOS (Full Isolationby Por 
ous Ox i d i 2ed Silicon) ^tt±^ 

[0 0 4 0] a V«r»«b*LT»bH*:# 

asi/ya^ ms^b^o*^* stratum 

20 £;hrc*5!?, ^7LW^>y ay^iaPCVD^ti 
[0 04 1] *W84^5 3y|:fitt#8fi'>ya 

[004 2] £Jt±*&^fc X o \z % *«W#ttH^SrS 
v- V a ^Str-r-S r £ \z «fc 9 Aff <e«JI^«AT* 6 1 

30 l^fcljL, ^?Lg'>y a^§:r>3iyN^^^LT^ 

fc^9«L Smt'>y a^lt0gcffiOft<0*%$ 
£ ft«*«r*J»*r 5 w ^ T*4>±te»j« L*r> y a 

[0043] mmi) znwi/y^zoowtfo 

5 0 0 u m<DW&*ftr>tc\tWoiO . OlQcmcDpM 
(10 0) aV*^&HF*Stt**C»« 

[0 0 4 4] 
[&U 
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2 6 V 




3 0 m A/ c m 1 


WtfiluflWftHK 


HF * Ha 0 : Ci H* 0 H= 1:1:1 




lmi n 




2. 5 urn 



[0 0 4 5] £fc, *lo*ft=-CB«fc«©l*IBSr*< 
a.xB©MEttl. ig/c 

[0046] Ut* 



20 



^m-tt:-<r5 0 0nm<D&SO3tT^l/6. 9 00 
n m(DSSO*^ 1 / 5 <D*# STNfeofc, 
(H»2) *««»Ag«>#*LWfc 

SrffofCo 500MmOJ?:^Sr^ofctt:1SSLlCcmO 
(10 0) WMii/!? a;v*:c^©*BteBt:2 5 
Ke VT1 x 1 0 15 cm- 2 >T^fr^^SrtTV\ 5 5 
0*C, lhour/800t:, 30min/5 50t, 

[0 0 4 7] 
[£2] 





2. 4V 




5 mA/ cm 1 


Bttft&Stt 


HF : H a O : CiH 6 OH= 1 : 1 : 1 


RIB 


3m 1 n 



lift 2 0 0 n m-CfrofCo 2 fc-f * ^K*»«f I- 

Sttfi2 0 0nmi:ftoTi3^ BWfcrtfc * S «LK 
[0 0 4 8] (£1*3) 

fi5rai/xSrfflv^*:B«**flFR^fci 
[0 04 9] *afW*BKBaW»Jt*«ia«if!*« 
Bt-(ITO) ^sit^^y y KftOftStS^SSIi 

l©i5i:Uff»Ufc*(H»«>AMi. 5 (10 0 



mW/cm2) XHItTtOtX-<EttK < I -V» 

M1*®E0. 60V, lfitlS3 6mA/cm 2 v i 
&B^0. 7 4, «»»*15. 9%fc49, 

[0050] »ax^2W^tyfr^ 

fci9«#«ttftU #?L«fcb4V2T*B«W--tfe 
B*O«ttttBjfclrtBE0. 5 8V, fe&)t««t3 4mA 
/cm 2 , ft&S^-O. 7 7, «»»*15. 2%T*> 

[0 0 5 1] ^i^^i^S^^"^^ 1 ^ 0 

50 B®&t-#fr**> < ^*>*° 
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[0052] *36?HO'ftmii#?Lf£® t LTW 

[0053] (HSfc4) ^TLftvy^i^***-:/ 

£8 l -C^fiEUfc^^/N±0#aftv'y x^S^Mft 



(OjgUECVDffi (LPCVDS) |:i!)xtj'*v't* 
tfgSrfffcofc. *»CliS iH 2 c l 2 Srfflv\ 
T#*fc LXH2SrJ8«lU/c rot 
3 tc^f„ 

[0054] 

[«3] 



flxiSfitfc 








S IH1CI1/H, 








0. 5/100 


950 


100 


60 


1/mi n 




To r r 


ml n 



[0 0 5 5] (j»5).jk»Wft»rit 20 
[0 0 5 6] KOH*WK*»-aHS*:«UT*lf^*^ 

•Y#Sii£S9:tttf:^f * *v^WI<D^ffit-P * 5 0 K e 
V, lxlO^cm-^^fffeii^fi^ 550 
<C, 1 hour/800^ 3 0m in/5 5 0^, 1 
hour (0*ft-Clgr^HTT>^O^^^ 



[0 0 5 7] r<0i:9l-tr#a«±l-«fi$^3:e 

^^^^#KSrfflv^c*ffi©fe^AMi. 5 (100 

mW/cm 2 ) *WHTW«SM«BE«tt (I-V» 
te) ^oV>TW^S:tTo^i:r5, t;«6cm 2 t 
KficmffiO. 6 1V, lft*tilt3 5mA/cm 2 , ft 
»H-?-0. 7 6, £&«M£l6. 2%tt£*)s 

[0 0 5 8] (2&» 6 ) *aK»rt*# £ *:^mm#i4 

[0 0 5 9] *^aw**^©BiWba»otofc«**r 

KfcS^fc. Hlftio*io*#lJ:^-c««**«r5 

m A/ c m 2 ^b 1 2 5 m A/ c m 2 £-C£*-C#?Lg/I 

[0 0 6 0] *<»m$k. Jto*t$tttl8««o**fc 

frt>fr^tc (^4) o 
[0 0 6 1] 
[^4] 





5mA/cm ! 


3 OniA/cm* 


1 2 SmA/cm 1 




^3nm 


— 6nm 


— 1 3 nm 


fttt* 


3. 7x1 0 n 


4x 1 0" 


3. 5x1 0 n 



^fciSEl^V^-CSS^^^WsttttS: 1 Q • c mi: L 
3mA/cm 2 »t«i-2. 5 n m, «g2xl 

[0 0 6 2] fc^±i6lciav^Tff»Lfc*?LJlJIo±lc 



SrW^fc. «5^S«»^*-*t»tt:o- 0 1Q- cm 
(pi) fcfflv^flrft«»**Sr«*.*:*0*l»m»^ 

[0 0 6 3] 
[«5] 
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5mA/cm ! 


3 OmA/cm' 


1 2 5mA/cm ! 




3 3mA/cm , 


3 SmA/cm* 


3 TmA/cm 1 



So **:Jttttt 1 Q • c m<OS«^^Sr^ 1 O&ttT 
itf$MM 3 m A/ c m 2 T#*LfCJI Lfc tWtt 

Ufc*»tt»^*««tt 3 4mA/cm 2 t/io 
/Co m&OltXtt#?LM2:Atr^^>^r^>9 3^ 10 

[0 0 6 4] LTJt&ffiO. OlQ'cm© 

Lfc#£ (£?LM*'ftVM§&) 0#«9ttt3 2mA/ 
c n^Tfcofc, 

(0065] K±»^<fcS» 1,4-6 OJMHC&ft* 

[0 0 6 6] (Mk7) #aKSO^fitt^JSS«i:^ 

15 0 mA/ c m 2 {C^ X±ff TttWF**— Kfc Lfc 30 

[0 0 6 7] »K$*tfe#?LHSSrlmmiC<DCrSfi 
±teB^T**S*fclk N 2 #H« l t J "ei 10 0^(0 

Zh, *ft«IttCr*KfcB»3ftfc. 
[00 68]||f Lfc£7LftM/C r 
SS*«»ttT»rB«,*Lfci: n 5, ^itc r s i 2 

[00 6 9] (hk s) xmnmemtiL 
mm i, 4, 7-r»b*tfctt*«rt>fci^iRat«/#7L 40 

Sit 

[0 0 7 0] 3U*7-C»MlfcC r>«±4>£7L1ti/9 
a ^S±^ffl*0 L P C V Djfel;: * 0 * 3 <D*#-C* tT 
* * /Wttt SrfTfc o fee 

[0 0 7 1] :ct?£r*£'*/l'J|0)8Bl£P&5 OKe 
V, 1 x 1 0 15 cm- 2 T^*>lT*>&^£m\ 55 0 
"C, lhour/800t, 30min/5 50t, 1 
hour ©*#^|fcT=— >ULT*t*»©Sttfcfc J: 



[0 0 7 2] w<^J:5l-tT#?L!t±l^«*^3:tf 
^^*>^^BISrfflv>fc*liMlftOAMl . 5 (10 0 
mW/cm 2 ) 5WMtTT©««-«E»tt ( I -V* 

&fiJfr©I£0. 5 2V, iftMaimA/cm 2 , & 
&®*0. 7 3, ftflUWll, 8%*rfc!>, Affftlt 

[00 7 3] fiUJ^fclSB 1,4-6 OtSJfclS*^ 

7lkji«imu **nKm**=^t*h#m mm) 

[0 0 7 4] *«W04«Rtt*?L*t±03:tf^dt-t/^/U 

[0 0 7 5] **Wfc*«S;ft*#M^9 3^«Sr^ 

»mA/cm2-t+mA/cm 2 0 
[0 0 7 6] *f:HF^l:xf;i,7;U3^or;P 

■f5£*#-C*5. ttt67;w3- ^oittHFM 
tSiaoTitft«)5)^ »fcHF»ftWft<4*-«r 
[0 0 7 7] **:#|L«kS^5^^*BJiOW«S 

[oo7 8] zfttftmz.&KKmteiMk£-&i\stmi 

HFBjCSr*%WT*CL-Cftat«»«r 1 00mA/cm 
[0 0 7 9] *«WIC^V^*?LK)i±0^9 3VJBO 
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Mf£\Z&m ZtlZ>*V**is* /W&^&K ttLPCVD 

[0 0 8 0]^, LPCVD^ ^XvCVDft 
^mCVD «fcSO«»j«ft fc(D»£fctt/B $ tt 6 « 

LTI2S i H 2 C 1 2 , SiCl 4 , S i HC 
1 3 , SiH 4 , Si 2 H 6 , S i H 2 F 2 , Si 2 F 6 ^COv' 

5ym$£Tfi^v?>fcis7^m&ftmto%h<ob lx 
[oo8i] *fc**yr#*£ Lxthz^m&skim 

O&Ltl : lOOOJ^T (ISX^git) tfig^Tffc*), 
£*)&±l,<t*l : 2 0W1 : 8 0 0 STF^-fS^ 

[0 0 8 2] jR«*fi«fe«r«V^»frlcttH2«>av^tt 
N 2 #H^^-CGa f In, Sb, Bi, SnWI 

i &&#£itxmi&*®ft&Z^tXte&+\zia& 
[0 0 8 3] *.tt&wx&m$*iz>^ 

&mt&ftZUBH$±xmi)b\*Xtt.. ^^fcfc^tf 

PCVD&Tfcttfrfc6 0 OtKJLLl 2 5 O^WT 
i;*)^L<H6 5 0TO±1 2 00t 

•eCVD^ij£/utXTIiah2 0 0tgU:6 0 
0t;ttT#*ST*&, <fcU»Sl<|j:200tW5 
0 0t;«TfcM!lp*ftS«>#S* Ll\ 
[0 0 84] BWOEflfco^TtMEfc 1 0 " 2 T o r r 
-7 60Torr^l^»), «):*)^1<«10'1 
Torr^7 60Torr <£>©Hri>ig£ LV\, 

[0 0 8 5] *%w<o*®nmz&^x£iL'gi'V =*>- 

JfiV^MK ft»»ftfcOi:Lrw t Mo, Cr&tfrft 

bo-frft^wrr fens., <>*>5a,, tWTfcoT 

fcV>#0. 0 1-0. 2 ^ mtt^Wii LV\, 
[0 0 8 6] ^W^C^V^T#?LKl-b^-^!J n^l§r 



btiZ 0 ZObZtol&tiim&Wb LTttN 2 #ffl««M 
o o ot:a±T3 o#H&*$raa^T&<5<, 

[00 8 7] **W©*»«»fc43V^TA«3tOSlt» 

[0088] *fc*«W©*»«»|C^V>T^*+6« 
LXftm\$fl*>*1&®<D&kZ.i > £Z& 0 . 

0. l~~lumbT&<Dtm*l'*\ 
[0089] 

[0090] (mmmi) m&Lit£5\^ n&i^B 

20 i:^^t*Cl2l2^-r7'o-fe^^ < J:t)^?L«i/y ay 

[0 0 9 1] 5 0 0//mfOnI (100) i/lla^ 
^(p = lQcm) (D^ffitCBC 1 3 £&&K£ UT 

9 5 oK(DmtxB<D&tm*ff^xp+m$:&&u 

0. 5mnm«<D^^$$r#fCo 

[0092] mf&&tntp+m$tmo?y vrnzt^y 

[0 0 9 3] 2^P + /I^ffi£HF7K&&*T3c2<0& 

30 #"C«raf"C*«fla8:S:tT*v\ 9^±tz&Mt*sy a 

^m&&&Ltz m2 <b) ) o 

[0 0 9 4] ft&KlEB (ElectronBeam) 
I TOg^l^ (8 2 nm) /H^m® 

(Ti/Pd/Ag (400nm/200nm/U 
m) ) &*Jl«i_Lfc, *tc&fcmMbLXT i/Cr 

(400nm/l tf m) £*^&®K*ft^;h,^fi£ t 
fc (02 (c) ) , 

[0 0 9 5] ^<DX^\^xmhritc^^>]) 
&&i/V x^XWiMfolZI^X AM \ . 5 (lOOmW 

40 /cm 2 ) *!smt-co i -v^tt^o^^rwjeufct 

ir;Uffiffi6 cm 2 T*TO€/3EO. 61V X 
f|^36. 4raA/cm 2 , &i®H^-0. 76^/^1 
**^HE»ai»16. 9%$r^fc 0 

[0096] u±<oxo^mm^>v =t^±izM&Ltc 

[0 0 9 7] (HJfc«2) ISftm^P-HSfcLT, 
50 [0 0 9 8] 500/imJ|(DnS (10 0) is Dais? 



(10) 
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(p = 3Qcm) SrllOt, 60%ftfttf>tK7 

[0 0 9 9] ^l:f^^^$^il:BCl 3 $: 
LT9 5 0^O^TB<D&fttfe£firoTp + 
JBSrJBjSU 0. 5^mlig(D&£i£££'#fc 0 WttiLZ 

mtl^UftO. 2/im<3ig«4£ffi«&£*>o 

©^MtT^7^->^T*>ii^l- < ^; , ? P^5 OKe V t lx 
1 0 15 cm" 2 T^^->lT^ii^$rtTV\ 5 5 0t:, lh 
our/7 50t;, 2hourt|^-HTn + 

[0100] SfelCEB (ElectronBeam) 

mm^x r> \ rowmnm (8 2 nm) /«m®& 

(Ti/Pd/Ag (4 0 0nm/2 0 0nm/l|i 
m) ) «r#*L»i±l^ £fcgcgm&t ITT i /C r 
(4 0 0 nm/l *m) &$*^&m\Z : ttl : etl&j£ t 20 

[0 10 1] ^±<0j;9l-LTt#^>tl,fc^v'y =r>;fc 
HMtffefcoV^T AM 1 . 5 (10 0 mW/ c m 2 ) JfcJR 

6 . 5 m 

A/ c m 2 , &m®+ 0 . 7 6 4 9 , 

[0 10 2] (XMM3) XIKtti* 2fcW«fcLT, 
^SR*|&«&&«$} tfco 30 

[0 10 3] 5 0 0 n mJfOnI*ei->!) ay? i/n 
(p = 2 £2 c m ; mmH&+ mm) £fc«L 

fc 1 %»S©N a OH*&$K 5 ^itv 7 y a VjfCD 

»CBC l 3 €rtttfi:«[t LT9 5 0K<D&&XB<Dl& 
&ft£^oTp^£flMU 0. 5^mg|« 



i9P4:50KeV, 1 x I 0 15 cm~ 2 t?^^VfT^ii 
*SrffV\ 5 5 0^, lhour/750t, 2hou 

[0104] $f>|IEB (ElectronBeam) 
IT0S^«m^ (8 2nm) /JMNM 
(Ti/Pd/Ag (4 0 0 nm/2 0 0 nm/l u 
m) ) i&KKM±\z % *±mwmmt LXT i/Cr 
(4 0 0 nm/l tim) Sr^^^Bffilwt^ttJgjfiU 

[0105] roA5fctr»fe*i*:*a«^9 3^/ 

ZftAi'V 3^*B«ft^OV>XAMl. 5 (10 0m 
W/cm 2 ) *R8»TTOI-V«FttJwOV^JWSLfc 
"t/l^®«6 cm 2 r§8^cmEO. 5 8 V, i^S 
3t@M3 5. 8mA/cnA AtSH^O. 7 5£fc 

[0 10 6] LT±^*5^Tp + ^Sr#?L 

Ltet>^tc^oxmmmom&ytmvZft 30.5 

m A/ c m 2 "Cfcofc 0 

[0 10 7] ^±(0<t9^^^y3y!>XAi|^ 

[0108] mmu) mmmitmm\zLx, n + 

/ p / p + «^o#TLK^ y a >-/¥f£* > y = >-*R§ 

[0 10 9] 5 0 0 um&<Dp$t (10 0) i/jja^ 

3i/n (p = iQcm) <Dmmcpoc\ 2 z&W(mtL 

X 9 0 0t:O^TP(D^iS:^oTn + ^^« 
U 0. 5^mett<0»^$Sr»fc, «$Hfcn + 

[0 110] W£n + «*ffi*HF*8«+"C*6 0* 

[0 111] 
[^6] 





2. 4V 




5 m A/cm' 




HF :H,0 : C,H 5 OH=l : 1 : 1 


BSIW 


1m 1 n 



ftftl-#?Llt«-hfcEB (Electron Bea 

m) m%\z£>) irommmmm (8 2nm) /^mm 



50 



& (Ti/Pd/Ag (4 0 0 nm/2 0 0 nm/ 1 m 
m) ) Sfc^^SffiK&ffim&i: UA I -<-^ 
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[0 112] roj;5»2:LT»6>ttfc*ILK^!J3^/ 
g^^ytittCoV^AMl. 5 (lOOmW 
/cm 2 ) XIUtTTOI -V«ttl^oV^TMCLA:& 
t;Hg6cm 2 tlj«!ttE0. 6 1V, gf&# 
183 6. 8mA/cm 2 , tfe$H^0. 7 5£ft$, 
AJM^-fcllMft* 16.8 %$r^fco 

[0 113] «Jb**<fcJ:5fc. aWSWfcJtitf* 



[oii4] (H*W5) (H«tfcJ:5te % 4 
- 6 £ f3»l£ LTEI 4 \zft+7v2 

[0 115] 5 0 0 ^mlf^pS! (10 0) *>y 
i/v (p=0. 01Q«cm) SrH F 7 «> 

SrJ&SLfc (H4 (a) ) 0 
[0 116] 
[£7] 





2. 8V 




1 0 OmA/cm* 




HF:H,0: C»H i OH=l : 1 : 1 




0. 5ml n 




3 urn 



*Mt*> y =* >>m&m\m%o l p cvD^tia $ & 

^f^5 0//mi:Uc (®4 (b) ) 0 
[0 117] £££$gtLfcl%«S<DNaOHzk&& 

^5^gL^Lfc^e^^^^'>y ^yfOT 
Of^^f^rttfe^/iofc (04 (c) ) „ fclc^tr 
^^rv't/H^ffiCPOC I 3 £&f«£ U9 0 0 
t<Di&g"CP(OM^oTn + iMU 0. 5 

0. 2/imO)i*4*ffi»fl[Sr1>ofc»&«$€r#fc 
(04 (d) ) 0 

[0 118] S&KEB (ElectronBeam) 

(Ti/Pd/Ag (4 0 0nm/ 
200nm/l//m)) / I TOjg^agmJII (82n 
m) £n + J§J:K^&Uc (Q4 (e) ) e 

[0119] zo£$izi,x&htitc»mm&i'y*> 

*»«»^oV^AM 1 . 5 (1 0 0mW/cm 2 ) * 
f8tfTT<DI -Vftmz^xMfeLtctZhs -fe/Vffi 40 
«[6 cm 2 T*W^mJE0. 6 2 V, gfftjMt«3 7. 4 
mA/cm 2 , lfe$S^-0. 7 7fcft*> % fc 
»«*1 7. 9%£*#fc c 

[0120] ro<t5^#7LH«±^j^Lfc^tr^^ 

[0 12 1] (3Dte^J6) £ft«5*^tSlteLTp + n 
*Sttfi*»ttf&€rffKLfe. 5 0 0 /imJf(OnM (1 
0 0) >V =2^$*/s (p=Q. 0ifi.cn) £HF 
*t8« t t"T*7 0*it^»Wb«Sr^T4v\ *:*/*J:K 50 



[0 12 2] LPCVD»®l-it)^3<D^^ft:|C*5 

ot, 60%ftS<ot K9S?v*«Kfci o»gu 

[0 12 3] fci^t^^Y/t^O^IJlCBC i 3 £ 
JfcfcSli: LT9 5 Ot:(O^TBCO^^SrtToTp + 
!£7&fifcU 0. 5 * mgfi^8^8&£&f#fco Bf&Z 

[0 12 4] Zb\^V9*ci/*;vm<D$m*Y ! 7>(m 
itK£*)n<mtL (-10 nm) % 7*hyy^77 

U ^<0±^^^/w^^|^j:r)«mi;te (Ti/Pd 
/Ag (4 0 0nm/2 0 0 nm/l/zm) ) fc^Sgrb 

$ h^mm^onz i roismmmm (s 2 n 

m) §r^Lfc 0 

[0 12 5] r^i:5«-UT»f>ixfc:»^fii/y 
AMfttoV^TAM 1 . 5 (100mW/cm 2 ) * 

^[6 cm 2 T^Srl;flE0. 65V, iM»3 7. 5 
mA/cm 2 , &$B?-0. 7 6 i: ft 9 , 

[oi2 6] nmws* etmm^Lx^ 

[0 127] 6 0 0/imI|(OpS^i/!)3yT>x A 



(12) 
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(p=0. 0 2C'cm;|gf a t^mm-&tmm) [0 12 8] 





2. 4V 




5 OmA/cm 1 




HF : Hi 0 : CiH*OH=l : 1 : 1 




1ml n 




Sum 



&KKis v =* >m&mz.m%<o lpcvd ke^ 

[0 12 9] S«&»*Lfcl%B*ONaOH*»R 

k 5 »sa l v y =» vm<o*is<D?* 

fifcU 0. 5 // mgS^^JWCc JftfcSilfcn 

9§fc*U ISO. 2//m05i«*«B5»a8r<,ofc»* 

[0 13 0] SfelCi/yaV'JiQjEaSftK^^IMfclCj: 
0»<IMfcL hlOnm) x 7*fyy^77^S: 

0±fc**/lr**fc J: tMHi (Ti/Pd/Ag 
(4 00nm/200nm/l/im) ) SrJR#Lfc. £ 
feK**te*©±te I TOg01#«IS& (8 2 n m) 

[0 13 1] roJ:5JCLT*6*t*:«»e*5/y3^ 
*RSftfcO^TAM 1 , 5 (10 0mW/cm 2 ) * 



«6 cm 2 THftmjE0. 60 3V, S»3tm«L34. 
2mA/ cm 2 , l&HH^O. 7 6fcft9, 
«»a$15. 7 

[0132] £6>£9lc#tt£i<'9 3>©*?L«IJblz: 

[0 13 3] (HttM8) Hi (c) lC*rf,fc5ftn + 

[0 134] 2^ffl5fcRWcLT5OO/fmJ*0p9 
(10 0) ^!)nyr>i/v (p=0. 01Q-cm) £r 
HF*»»*T*7©*#riWi^bjiSrfir*ir\ 

[0 13 5] ttffitf««felCj:0*9O*fl:T*e^*?/ 
30 i£fc 0 £0*%««i:LTSn«:fflV\ jfcfttflte^fcs 

[0 13 6] 
1^9] 





«g (Sn) 


•1MK 


2. 0 
1/mln 


9 5 0->90 0 

1C 


0. 5 

t?/mi n 



L/c 1 N a O H*ttKt£ 5 L 

v/y 3^JBo*B©^^^-tfcfc*5r:4v\ ftl^fcr 

**->*yU*0*fl5tePOC l 3 frttfkKJ: LT9 0 0 
t:(0^gXP(0^m^t7oTn + ^$rffMt, 0. 5 

0. 2/im<Oiiff/ji^ffi««S:t)orc«^$Sr?#fco 
[0 13 7] S^CEB (ElectronBeam) 



50 



^^rl-^^^m^ (Ti/Pd/Ag (40nm/2 
Onm/iwm) ) / I TOSHWWK (8 2 nm) £ 

[0 13 8] r©J:5l-LT»e>Hfc«W3BA5/y3V 
*»S»^oV^TAM 1 . 5 (10 0raW/cm 2 )* 

mi cm 2 ^mtkW£0. 59V, &#3fe««£36. 6 
mA/cm 2 N tei^S^O. 7 5 fc 4 *) % xjM^HE 
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[0139] »HM9) ^n^v^^t^v^y^ 

fee 

[0 14 0] SOO^rag^pS^^^^^ 
A (p=0. 0 1Q • cm) 8:HF*»iB*t«7 0* 

[0 14 1] #?LKi/D a>'Ji*iB^P= s 5Q • cmO 

+ 10 SOt;, 2*IBo*fr-CfMa««rffv\ MD'&fr 

[0 14 2] B9-frt*fcWR05t**^BO»«r^ 
y * ^x-f 0 «FM LTft U&SSr i 0 0 n m t 

[0 14 3] 8*Lfcl%»*©NaOH*»iRte5jfr 

fcv\ W^>y 3^H^*ffi(-POC l 3 8rtt»»i: t 
T9 0 OtO^-CPOfftfc^SrffoT n 

±lC**/W**K*!9*Sfi;ffi (Ti/Pd/Ag 



(4 0 0 n m/ 2 0 0 n m/ 1 M m) ) Sr^^r Lfc e $ 
felCft«^«>±IC 1 TOS^Sti (8 2nm) £7F2 

[0 14 4] Z.to*5K\,X*bM£WRb**S y ) = > 
*fig®6U:ol>TAM 1 . 5 (10 0mW/cm 2 ) * 

g6cm 2 tH»lE0. 67V, *a*S#mS£38. 1 
mA/cm 2 , ft&S*0. 7 7 fcftlK 
tfc#J^l 9. 7%Sr^/c« 
10 [0 14 5] r<D^5l-^^^y a:/©#HL»lJ:fc 

[0 14 6] K±&*fcJ:5ti:* 

[0147] mmmio) shel*:*^ 

20 MEKLfc. 

[0 14 8] 5 0 (10 0) v'P 

(p=0. OlQcm) £HF*&tS+T^l 00 

$T^Lfe (03 (a) ) o 
[0 14 9] 
[*10] 





2. 8V 




6 OmA/cm" 




HF :H,0 : C,H,0H=1 : 1 : 1 




2 Omi n 




lOOfim 



£ l Mkjfi^ttS: 1 0 0 m A/ c m 2 !^^ 

(b) ) o 

[0 15 0] #«Lfc£JLK®£C r £l OOnmlf 

HOOt, 2P*KlT--A'£ff* N @*3l£fc (03 

(c) ) o RlcH«Lfc#JL«»0±lca*©LPC 
VDS®lJ:i;i9*30^^W-*3V>Tfigfi«FFflSrft< 

fc (03 (d) ) Q 
[0 15 1] W-^f **v-*A-JiO^SU:POC 1 3 
8rt£*Rfc LT90 onc<Oia«-CPOj»tt««:f7oXn 



+ J§£fl£j£U 0. 5 u mU&<nm&l% £ &'&1t 0 

40 ^^iC<tO^L. ftO. 2Mrn<Dig&ft&fflftfi£t> 
o*i«^«S«rf**l (0 3 (e) ) . 
[0 15 2] MCEB (Electron Bea 
m) ««^H9ft«W (Ti/Pd/Ag (4 00n 
m/2 0 0nm/lnm) ) / I TOS^^®8 (8 2 
nm) £n + /Ii:K7£f£L*: (0 3 (f) ) . 

[0153] w^ct $\zLx»btiitnmi&&'>9 

*Bt»l"V^AMl. 5 (10 0mW/cm 2 )* 

mGcm 2 XmnW£0. 52V, &*&#®lft33. 8 
50 mA/cm 2 , ft^S^O. 75fcft9,**^« 



(14) 



!^^S|i06-045622 



ft#>^l 3. 2%%'&±o 

[0 15 4] roJ:5l-4*«R/*«-«*- k,5: ** t 

[0 15 51 (MfcflU i) 3«fc0!lOi:EI«l-LTp 
(10 0) is}) ayj^ (p=0. OlQcm) £H 

[0 15 6] &KWs y ) a^J|0»lW*T*-<t*** 
JK©HF»*«ri%l-*"C«fc MM*** 1 0 OmA 

^KU/c^TLSlSrMoSrl 0 OnmlfUcSUSS 
tR±fcB**»**fc«, N 2 #lSt , t?l l 0 0^2 

*iBT--**m*a«s*fc. LPcvDSiiao 

|^^tr^^v/^/V'>y 3^Srft8 0 m mfifc&Lfc* fife 

[0 15 7] ft^tr^^^-y/VjgOSffi^BC l 3 £r 
tEMKfc LT9 5 OWiaftTBOXMtKSrffoTp* 



EB«Wl*9*«Wi (Ti/P 
d/Ag (4 0 0 nm/2 0 0 nm/1 Mm) ) SrJKSr 
U Sb»cft*lc*o±^iToaw*«K (8 20n 
m) «r#J*Lfc. 

[0 15 8] z<o£o\zvxnbtiitnm&&*y= % ~' 

*ffiSJ6lCOV^AM 1 . 5 (10 0mW/cm 2 )* 

10 ©6cm 2 TB8J*@EO. 5 3V N SS3fetffi3 5. 5 
mA/cm 2 , ife»B*0. 7 4fcft0, i***-* 
&#b^i 3. 9%&*fffc 0 

[0159] GWKW12) «fc«io. nfcWWH- 

[0 16 0] SOOMmJfOpS^Si^ 3 ^* 31 ^ 
(p=0. 02Q • cm ; ^^^mm^+mm) 
*:HF*J«!rt , t«i io*tttWHWtff4v\ 9 

20 [0 16 1] 

[*i il 





2. 4V 




3 OmA/ cm 1 




HF:H,0 :CiH.0H=l : 1 : 1 


&n 


4 Omi n 




9 bum 



Sr 1 Utfmfa* 2 0 0 m A/ c m 2 !-* 

fc#&fC! 5: C r Sr 1 0 0 n m&lf Lfc S U S £«±fc 
■*4***fcft. N 2 flHf-cuoot, 2KSfBB 

[0 16 2] fcfc@#Lfc£?L«S*ffiBi§««>LPC 
y a yRO*fiW^>y avl©^)?^ 1 0 0 u m 

[0 16 3] S«§r*§ILfcl%SSWNa OH**g«t 

t LT9 0 0^<OigJTeP<Oi&ftf&£froTn + Ji&fl£ 



9Bf*U 2 *im<0®K^ffi«fiSr't> o * : ^ & 

*»=*««* (Ti/P d/Ag (4 0 
0nm/2 0 0nm/lMm) ) tSt-Tf I TOSWMI 

(8 2 0nm) &J&£Lfc. 
[0 16 4] rto*5fcLX*Ml**M***'l» ^ 
^ISSJfef^ 0 ''''"^ AM 1 • 5 < 1 0 0 mW/ c m2) * 

^6cm2l?M»tmmO. 5 1V. ®8#S8E3 3. 2 
m A/ c m 2 . ft&B* 0 . 7 3 t * 9 . 

[oi65] (Wfcflia) Hi (b) B»i«1-J:5ftB 

fc„ J«t«10fcW«BL"C6 0 0#im»Opfi (10 
0) ->y (p =0. OlQcm) 

50 ««^*io©**TgMita*«:l?fcv\ 
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[0166] 4hlk->v ^y>moM&&Tmu\&im 

m<OHF&&£ 1 %{C*V&b Ub£SK£ 100mA 
/c m 2 K£-C±ff T^TLfCJl**^* tf#«Lfc 0 
#f£Lfc£?lfCJI£T i^lO 0 nm^UfcSUSS 
fc±Kgt©if£^fcm, N 2 #ffi^.*Tl 1 0 0<C2 

[0 16 7] rcOfc£&&fcLTSn£fflV\ 

[0 16 8] &^e**i/*;W®<0£ffi|£POC 1 3 

SrffitfeSt U9 0 ot;o^TPO&ft&&ftoTn 
+ JB8r»lfcU 0. 5ixm^fio«^$^fco »A 

[0 16 9] f^-EB (Electron Bea 

m) mm\^9»mtm (Ti/pa/A g uonm 

/20nm/l//in) ) /ITOg^it^ (8 20n 
m) «rn + Ji±«&8Lfc. 

[oi7o] ^ £ ? k l btitmm&& y ^ > 

^Cl^^fe^oV^TAM 1 . 5 (10 0 mW/ c m 2 ) 3fe 

III cra 2 m&m£0. 53V, SttXtS3 1. 7 
mA/cm 2 , f&$®^0. 76t^^ a^/l^-HC 

[oi7i] K±»^fci5lc % *«WIj:J:*u*, 

[0 17 2] 

lei;'). *«*m8rfflv^!i*»»*<o«>Sttfi*:»« 



[oi73]SS*«5, eojwifcJ:*. 

oft. 

[0 1 7 4] 5EWS#Sl 5, l 6<D«»te.fc?K SS 
10 fc*5-C*^J:5^*ofco 

[01] ^WO*B«ftO«3S8r^U*:»6IRflBBlT? 
[02] *«Wo*»Wftofm^o-fe^|wv^XRW 

vtcmxhZo 

[03] **«<0*BSftOf?fi^P-fe^tcov>TttW 

[04] **WO*B«ftOff«^P-fe^^ov^KW 

20 [05] #?LK1 k^aylt © JMfiT0#*>R*tfc 
ov^TRW Uc0T*>6 

10 1a, 201 M'/!) 3> 

10 1b % 303 

10 1c, 40 1 gl^^JIny 

103a, 102b, 102c, 2 0 3, 302, 4 0 

2 &Mti/}> a>m 

103b, 103c, 303, 304 %2<D&&i/}) 
30 104b, 104c, 305, 405 ft2 0|£Ai<'!> 
104a, 105b, 105c, 2 04, 3 0 6, 4 0 

5 mwmmm 

105a, 106b, 106c, 205, 3 0 7, 40 

6 mwm& 

10 6a, 2 0 6 tggj®£ 

202 doia) tRnmnm<oi/y 
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JPA 6-45622 

[Title of the Invention] Solar Cell and Manufacture Method 
thereof 

[Abstract] 

[Object] An object of the present invention is to provide an 
inexpensive solar cell having excellent characteristics and a 
manufacture method thereof. 

[Constitution] A solar cell of the present invention is 
characterized in that a light incident layer or second 
conductive type porous silicon is laminated on a first 
conductive type crystal silicon. Moreover, a porous silicon 
is laminated on a first crystal silicon or a metal substrate, 
and a second crystal silicon is laminated on the porous 
silicon. A manufacture method of the present invention 
comprises the steps of: forming a porous layer on one surface 
of a first crystal silicon by anodization; forming a second 
crystal silicon on a porous layer (or separating the porous 
layer, fixing it to the metal substrate, then forming the 
second crystal silicon); and forming a semiconductor junction 
on a second crystal silicon surface. 

[Claims] 

[Claim 1] A solar cell comprising a porous silicon of a 
second conductive type as a light incident layer laminated on 
a crystal silicon of a first conductive type. 
[Claim 2] The solar cell according to claim 1 wherein said 
first conductive type is p type, and said second conductive 
type is n type. 

28 ... ■ 



[Claim 3] The solar cell according to claim 1 wherein said 
crystal silicon of the first conductive type is a single- 
crystal silicon. 

[Claim 4] The solar cell according to claim 1 wherein said 
crystal silicon of the first conductive type is a 
polycrystalline silicon. 

[Claim 5] A solar cell comprising a porous silicon laminated 

on a first crystal silicon or a metal substrate; and a second 

crystal silicon laminated on the porous silicon. 

[Claim 6] The solar cell according to claim 5 wherein said 

second crystal silicon is a single-crystal silicon. 

[Claim 7] The solar cell according to claim 6 wherein said 

first crystal silicon is a single-crystal silicon or a 

polycrystalline silicon. 

[Claim 8] The solar cell according to claim 5 wherein said 

second crystal silicon is a polycrystalline silicon. 

[Claim 9] The solar cell according to claim 8 wherein said 

first crystal silicon is a polycrystalline silicon. 

[Claim 10] The solar cell according to claim 5 wherein said 

second crystal silicon is an epitaxial layer formed on said 

porous silicon. 

[Claim 11] The solar cell according to any one of claims 5 
to 10 wherein a thickness of said second crystal silicon is 
in the range of 10 \na to 100 pm. 

[Claim 12] The solar cell according to any one of claims 5 
to 11 wherein said second crystal silicon has a semiconductor 
Junction on a surface. 

[Claim 13] The solar cell according to any one of claims 5 
to 12 wherein a specific resistance of said second crystal 



silicon is 0.1 cm or less. 

[Claim 14] The solar cell according to any one of claims 5 
to 13 wherein a surface of said second crystal silicon has a 
texture structure. 

[CI*. 15, A method of .nanufacturlng a solar cell comprising 
the steps of: 

i) forming a porous layer on one surface of a first 
crystal silicon by anodization; 

ii) forming a second crystal silicon on said porous 

layer; 

iii) texturing a surface of said second crystal 
silicon; and 

iv) forming a semiconductor junction on the surface 
of said second crystal silicon. 

[Claim 16] A method of manufacturing a solar cell comprising 
the steps of: 

i) forming a porous layer on one surface of a first 
crystal silicon by anodization; 

ii) changing forming conditions at the end of 
formation of said porous layer and performing electrolytic 
grinding to separate said porous layer from said first 

crystal silicon; 

iii) fixing said porous layer to a metal substrate; 

iv) forming a second crystal silicon on said porous 
iayer on said metal substrate by crystal growth method; and 

v) forming a semiconductor junction on a surface of 
said second crystal silicon. 

[Claim 17] The method of manufacturing the solar cell 
according to claim 15 or 16 wherein said first crystal 



silicon is a single-crystal silicon wafer. 

[Claim 18] The method of manufacturing the solar cell 

according to claim 15 or 16 wherein said first crystal 

silicon is a polycrystalline silicon wafer. 

[Claim 19] The method of manufacturing the solar cell 

according to claim 15 or 16 wherein said second crystal 

silicon is obtained by forming an epitaxial silicon on said 

porous layer. 

[Claim 20] The method of manufacturing the solar cell 
according to claim 15 wherein said second crystal silicon is 
obtained by laminating said porous layer and a single-crystal 
silicon wafer. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field] The present invention relates to a solar 
cell and a manufacture method thereof, particularly to a 
crystal solar cell inexpensive and excellent in 
characteristics and a manufacture method thereof. 
[0002] 

[Related Art] In various apparatuses, a solar cell is used 
as a drive energy source. 

[0003] In the solar cell, pn junction is used in a 
functional section, and silicon is generally used as a 
semiconductor constituting the pn junction. The silicon used 
as the semiconductor has a single-crystal, polycrystalline or 
amorphous form, The amorphous silicon is advantageous in 
consideration of area enlargement and cost reduction, but the 
single-crystal silicon is preferably used in consideration of 
an efficiency of converting optical energy to electromotive 



force or a safety. Therefore, a single -crystal silicon solar 
cell low in cost has been strongly requested for. 
[0004] Recently, high-efficiency solar cells by single - 
crystal silicon have been strikingly developed, and a 
conversion efficiency exceeding 20% has been realized (A.W. 
Blakers and M.A. Green, Applied Physics Letters, vol. 48, 
p215, 1986; R.A. Sinton, Y. Kwark, J.Y. Gan and R.M. Swanson, 
IEEE Electron Device Letters, vol. EDL-6, p567, 1986; 
T.Saitoh, T. Uematsu, Y. Kida, K. Matsukuma and K. Morita, 
Proceedings of 19 th IEEE Photovoltaic Specialists Conference, 
pl518, 1987). 

[0005] In the high-efficiency solar cell, a high-quality 
single-crystal wafer is used, and IC manufacture process is 
used to enhance performances. Specifically, the high- 
efficiency solar cell is characterized in that (1) a high- 
quality FZ wafer with a minority carrier having a long 
lifetime is used in a substrate, (2) a surface reflection of 
incident light is suppressed to trap light inside a crystal, 
and (3) a structure or a process for reducing recombination 
losses on a crystal surface or inside the crystal is 
introduced. 

[0006] However, it requires a complicated process and time 
especially to suppress the incident light reflection, raise a 
capture ratio and reduce the recombination loss of the 
carrier generated on the crystal surface, which causes a . 
problem with mass production, Since the expensive high- 
quality wafer is used, it is difficult to shift to the mass 
production. 

[0007] On the other hand, in consideration of an absorption 
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factor of single-crystal silicon and a diffusion length of 
minority carrier, a crystal thickness of 100 \w\ can result in 
a sufficient conversion efficiency (E. Fabre and C. Belouet, 
Proceedings of 15 th IEEE Photovoltaic Specialists Conference, 
p. 654, 1981). In actual, the wafer is thicker than necessary, 
the generated minority carriers are recombined to reduce 
photoelectric currents while diffused inside the crystal. 
Therefore, attempts have been made to thin the substrate or 
silicon wafer, but with the thinning, mechanical strength is 
impaired. Therefore, the wafer itself cannot be thinned very 
much. 

[0008] Moreover, when the film is thinned, the necessary 
crystal diffusion length may be the same as or more than the 
film thickness, and no expensive FZ substrate needs to be 
used. Furthermore, the film thickness can be set in the 
range of 10 to 50 ym by the light trapping effect and BSF 
(Back Surface Field) structure. Resources are effectively 
used, weights are reduced, deterioration of characteristics 
by temperature rise of solar cell by infrared absorption can 
be reduced, and other advantages are provided. However, the 
solar cell having a sufficiently thin film and providing a 
high efficiency has not been realized. 
[0009] On he other hand, recently, the use of 
polycrystalline silicon has been studied for the purpose of 
obtaining a low cost like the amorphous silicon and a high 
energy conversion efficiency like the single-crystal silicon. 
In a proposed conventional method, however, it is difficult 
to slice a bulk polycrystal into plates each having a 
thickness of 0.3 mm or less for use in the same manner as the 
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single-crystal silicon. Therefore, the thickness becomes 
larger than necessary for absorbing a sufficient amount of 
light, in this respect, the material is not sufficiently 
effectively used. Specifically, a sufficient thinning is 
necessary to lower the cost. Recently, a method has been 
proposed in which a silicon sheet is formed by spinning 
method for pouring liquid drops of molten silicon into a mold. 
The thickness of the crystal silicon is about 0.1 mm to 0.2 
mm at minimum, and is not sufficiently smaller as compared 
with the sufficient film thickness (20 to 50 |») necessary 
for light absorption. 

[0010] To solve the problem, there is proposed a drastic 
attempt to obtain a high energy conversion efficiency and low 
cost by separating (peeling) a grown thin-film epitaxial 
layer from a single-crystal silicon substrate for use in a 
solar cell (Milnes. A.G. and Feucht. D.L. . "Peeled Film 
Technology Solar Cells". IEEE Photovoltaic Specialist 
Conference, p. 338, 1975). 

[0011] in this method, however, it is necessary to insert an 
intermediate layer of SiGe between the single -crystal silicon 
substrate and the epitaxial layer for hetero-epitaxial growth, 
and selectively melt the intermediate layer to peel the grown 
layer. In general, in the hetero-epitaxial growth, defects 
are induced in a growth interface because of different grid 
constants. Moreover, since different materials are used, 
process cost is not advantageous. 

[0012] Moreover, in a method of manufacturing a solar cell 
disclosed in U.S. Pat. No. 4,816.420, a sheet-like crystal is 
formed on a crystal substrate via a mask material by the 
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selective epitaxial growth and lateral growth, and 
subsequently separated from the substrate, so that a thin 
crystal solar cell can be obtained, 

[0013] In the above method, however, an opening formed in 
the mask material is linear. When the sheet crystal grown 
from a line seed using the selective epitaxial growth and 
lateral growth is separated, crystal cleavage is used for 
mechanical peeling. In this case, if the line seed is 
relatively large, the contact area with the substrate is 
enlarged. Therefore, the sheet-like crystal is broken during 
peeling. Especially, to enlarge the area of the solar cell, 
even if a line width is narrowed (practically around 1 \m) , 
the method is practically difficult with a line length of 
several millimeters to several centimeters or more. 
[0014] Moreover, for example, Si0 2 is used as the mask 
material to grow a silicon thin film at a substrate 
temperature of 1000°C by the selective epitaxial growth and 
lateral growth, but considerable lamination defects (face 
defects) may be introduced toward the silicon layer in the 
vicinity of a silicon layer/Si0 2 interface by reaction of the 
silicon layer grown at the high temperature with Si0 2 . Such 
defects adversely affect the characteristics of the solar 
cell. 

[0015] Furthermore, in the conventional solar cell using the 
crystal silicon, since pn junction is generally made in a 
bulk, p + layer (or n + layer) on the light incident side is 
naturally a silicon layer. However, it is important for the 
light incident layer to function as a window layer for 
transmitting much light, rather than to function as a power 
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generating layer. In this respect, it is more advantageous 
to use a material smaller in absorption factor than silicon. 
[0016] To solve the problem, inst ad of making the pn 
junction in the bulk, proposed is a method of disposing a 
different material a-SiC on a crystal silicon surface to form 
a hetero- junction. 

[0017] Although the conventional a-SiC is formed by an 
ordinary plasma CVD method, doping efficiency is deteriorated, 
and it is difficult to set a conductivity to 10" 2 S/cm or more. 
Moreover, a-SiC is easily influenced by ion damages from 
plasma during formation, and a good a-SiC/silicon interface 
cannot easily be obtained. Therefore, sufficient solar cell 
characteristics have not been realized. 

[0018] To solve this respect, studies have been performed to 
deposit [xc-Sic using ECR (Electron Cyclotron Resonance) 
plasma method to form an excellent hetero- junction type solar 
cell (Y. Matsumoto, G. Hirata, H. Takakura, H. Okamoto and Y. 
Hamakaawa, Journal of Applied Physics, 67 (1990) p. 6538). In 
this method, however, a device is complicated, and there is a 
problem with mass production. 

[0019] On the other hand, if silicon itself can provide a 
window layer effect without using the different material, an 
advantageous process is realized. 
[0020] 

[Problem to be solved by the Invention] The present 
invention solves the problems of the prior arts, and an 
object thereof is to provide a mass -producible high- 
efficiency crystal solar cell and a manufacture method 
thereof . 
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[0021] Specifically, an object of the present invention is 
to provide a silicon layer itself with a window layer effect 
and provide a solar cell having excellent characteristics, 
[0022] Moreover, an object of th pr sent invention is to 
use a thin-layer single-crystal semiconductor to provide a 
high-quality solar cell, and to form a high-quality crystal 
silicon layer on SUS substrate or another metal substrate to 
provide a less expensive solar cell. 

[0023] Furthermore, the present invention provides a method 
of manufacturing a thin-film single-crystal solar cell having 
excellent characteristics. 

[0024] The present invention has been completed as a result 
of intensive researches by the present inventors to attain 
the aforementioned objects. 

[0025] According to a first aspect of the present invention, 
there is provided a solar cell in which a light incident 
layer or porous silicon of a second conductive type is 
laminated on a crystal silicon of a first conductive type. 
[0026] According to a second aspect of the present invention, 
there is provided a solar cell in which a porous silicon is 
laminated on a first crystal silicon or a metal substrate, 
and a second crystal silicon is laminated on the porous 
silicon. 

[0027] According to a third aspect of the present invention, 
there is provided a method of manufacturing a solar cell 
comprising the steps of: i) forming a porous layer on one 
surface of a first crystal silicon by anodization; ii) 
forming a second crystal silicon on the porous layer; iii) 
texturing a surface of the second crystal silicon; and iv) 
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forming a semiconductor junction on the surface of the second 
crystal silicon. 

[0028] Furthermore, according to a fourth aspect of the 
present invention, there is provided a method of 
manufacturing a solar cell comprising the steps of: i) 
forming a porous layer on one surface of a first crystal 
silicon by anodization; ii) changing forming conditions at 
the end of formation of the porous layer and performing 
electrolytic grinding to separate the porous layer from the 
first crystal silicon; iii) fixing the porous layer to a 
metal substrate; iv) forming a second crystal silicon on the 
porous layer on the metal substrate by crystal growth method; 
and v) forming a semiconductor junction on a surface of the 
second crystal silicon. 
[0029] 

[Action] Structures of the solar cell of the present 
invention are shown in Figs. 1(a), (b) and (c), and 
manufacture processes are shown in Figs. 2, 3 and 4. 
[0030] In Figs. 1(a) and 2, 101a, 201 denote first 
conductive type crystal silicon; 103a, 203 denote second 
conductive type porous silicon layers; 104a, 204 denote 
transparent conductive layers; 105a, 205 denotes current 
collector electrodes; 106a, 206 denote back-surface 
electrodes; and 202 denotes a second conductive type layer. 
[0031] In Fig. 2, impurities are introduced to a silicon 
wafer surface by thermal diffusion,, ion implantation or the 
like to form a junction (Fig. 2(a)). Subsequently, a surface 
of the wafer to which the impurities are introduced is made 
porous in HF solution by anodization (Fig. 2(b)), a 
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transparent conductive film and current collector electrode 
are formed on the surface, and an electrode is formed on a 
back surface to form a solar cell (Fig. 2(c)). 
[0032] A light absorption factor of porous silicon is 
remarkably smaller than that of crystal silicon (H. Koyama 
and N. Koshida, Extended Abstracts of the 1991 International 
Conference on Solid State Device and Materials, Yokohama, 
1991, pp. 314). Therefore, when a porous silicon layer of a 
conductive type opposite to a type of a crystal silicon is 
formed on a surface of the crystal silicon, the porous 
silicon layer functions as an excellent window layer, so that 
a solar cell having a high photoelectric conversion 
efficiency can be prepared. 

[0033] In Figs. 1(b) and 3, 101b, 303 denote metal 
substrates; 102b, 302 denote porous silicon layers; 103b, 304 
denote second crystal silicon layers; 104b, 305 denote 
crystal silicon of conductive types opposite to those of 103b 
and 304; 106b, 307 denote current collector electrodes; and 
301 denotes a crystal silicon. 

[0034] In Fig. 3, a surface of silicon wafer is made porous 
in HF solution by anodization (Fig. 3(a)), and HF 
concentration in the solution is lowered at the end of 
formation of a porous layer to increase formation currents. 
In an electric grinding mode, only a porous portion around a 
porous layer/wafer interface is etched and removed to 
separate the porous layer from the wafer (Fig. 3(b)). 
Subsequently, the separated porous layer is placed on a metal 
substrate and fixed thereto (Fig. 3(c)), a silicon layer is 
grown on the porous portion by epitaxial growth (Fig. 3(d)), 
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and a junction is formed on a silicon layer surfac to form a 
solar cell (Figs. 3(e), (f)). 

[0035] In Figs. 1(c) and 4, 101c, 401 denote first crystal 
silicon; 102c, 402 denote porous silicon layers; 103c, 403 
denote second crystal silicon layers; 104c, 404 denote 
crystal silicon of conductive types opposite to those of 103c 
and 403; 105c, 405 denote transparent conductive films; and 
106c, 406 denote current collector electrodes. 
[0036] In Fig. 4, a surface of silicon wafer is made porous 
in HF solution by anodization (Fig. 4(a)), and a silicon 
layer is laminated on the surface by epitaxial growth, or a 
porous layer and a separate silicon wafer are laminated to 
form the silicon wafer into a thin-film silicon layer by 
grinding and polishing (Fig. 4(b)). After texturing a 
silicon layer surface, a junction is formed to complete a 
solar cell (Figs. 4(c) to (e)). 

[0037] In Figs. 3 and 4, for an interface of the porous 
layer and the second crystal silicon layer grown on the 
porous layer, as shown in Fig. 5, in a pored portion on the 
side of the porous layer, a silicon layer surface is exposed 
to air. Light reflection in the portion is larger than that 
when an oxide film is formed on the silicon surface. 
Therefore, light can effectively be trapped between the 
porous layer and the silicon layer surface. Furthermore, the 
light trapping effect can further be enhanced by controlling 
a diameter and number density of holes on the porous surface. 
Therefore, a thickness of the silicon layer can be set to 100 
\m or less. 

[0038] Anodization is preferably used in forming the porous 
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layer of the present invention. 

[0039] in formation of porous silicon by anodization, 
positive holes are necessary for anodic reaction. Therefore, 
p-type silicon in which the positive holes exist is mainly 
made porous (T. Unagami. J. Electrochem. Soc. vol. 127. 476 
(1980)). On the other hand, it is reported that a low- 
resistance n-type silicon can be made porous (R.P. Holmstrom 
and J.Y. Chi. Appl. Phys. Lett., vol. 42, 386 (1983)). The 
low-resistance silicon can be made porous irrespective of p 
type or n type. Silicon can selectively be porous dependent 
on its conductive type, and only p layer can be made porous 
by performing the anodization in a dark place like in FIFOS 
(Full isolation by Porous Oxidized Silicon) process. 
[0040] For the porous silicon obtained by anodizing the 
single-crystal silicon, according to observation with a 
transmission type electronic microscope, holes having a 
diameter of about several nanometers are formed, and the 
density is half or less that of the single-crystal silicon. 
However, single -crystal properties are maintained, and the 
epitaxial layer can be grown on the porous silicon by LPCVD 
method or the like. 

[00411 Moreover, even when a polycrystalline silicon is used 
instead of the single -crystal silicon, the porous layer can 
similarly be obtained by anodization. A crystal silicon 
layer can be grown on the porous layer by LPCVD method or the 
like (in this case, a partial epitaxial growth can be 
realized corresponding to a polycrystalline silicon crystal 
grain size) . 

[0042] As described above, the present inventors have 



conducted experiments, have found that an excellent window 
layer can be formed by changing a conductive type and forming 
a crystal silicon surface to a porous silicon layer, an 
epitaxial layer can be obtained on the porous silicon layer 
separated from a wafer and fixed to a metal substrate and 
that an effect of trapping light into a silicon layer formed 
on the porous silicon layer can further be enhanced by 
controlling a size and number density of holes in a porous 
silicon layer surface, and have completed the present 
invention. The experiments conducted by the present 
inventors et al. will be described hereinafter in detail. 
[0043] (Experiment 1) (Experiment 1) Formation of Porous 
Silicon 

A p-type (100) single -crystal silicon wafer having a 
thickness of 500 \m and a specific resistance of 0.01 Qcm 
was anodized in aqueous HF solution. Anodization conditions 
are shown in Table 1. 
[0044] 



APPLIED VOLTAGE 


2.6 V 


CURRENT DENSITY 


30 mA/cm 2 


ANODIZATION SOLUTION 


HF:H 5 0:C 2 H,0H=1:1:1 


TIME 


1 min 


POROUS LAYER THICKNESS 


2.5 ym 



When a surface of an obtained porous silicon layer 
was observed with a transmission type electronic microscope, 
holes having an average diameter of about 6 nm were formed. 
Moreover, when a section of the porous silicon layer was 
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observed with a high resolution scanning type electronic 
microscope, it was confirmed that micro holes were similarly 
formed vertically to the substrate. 

[0045] Furthermore, for the conditions of Table 1. when an 
anodization time was lengthened, the porous silicon layer 
thickness was increased, and a density was measured, the 
density of the porous silicon layer was 1.1 g/cm 3 or about 
half that of the single-crystal silicon. 

[0046] Moreover, the anodization time was lengthened, the 
porous silicon layer thickness was increased, and current 
density was raised at the end of the anodization. The porous 
layer was separated from the wafer by electrolytic etching, 
and an absorption factor of the porous silicon was measured. 
As a result, the absorption factor of the porous silicon was 
about 1/6 for light having a wavelength of 500 nm. and about 
1/5 for light having a wavelength of 900 nm as compared with 
that of the crystal silicon. 

(Experiment 2) Forming Porous of Impurity Introducing Layer 

After impurities were introduced to a wafer surface, 
the corresponding portion was made porous. Ions were 
implanted into an n-type (100) single-crystal silicon wafer 
surface having a thickness of 500 and a specific 
resistance of 1 Qcm at B. 25 KeV. Ixl0 15 cm\ and continuous 
annealing was performed at 550°C for one hour. 800°C for 30 
min. and 550°C for one hour to activate impurities and 
recover damages by the ion implantation, so that junction was 
formed. The wafer surface with the ions implanted was 
subjected to anodization in aqueous HF solution. Anodization 
conditions are shown in Table 2. The anodization was 
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performed in a dark place. 
[0047] 

[Table 2] 



APPLIED VOLTAGE 


2,6 V 


CURRENT DENSITY 


5 mA/cm 2 


ANODIZATION SOLUTION 


HF:H 2 0:C 2 H 5 OH=l:l:l 


TIME 


1 min 



After the anodization was completed, a wafer surface 
section was observed with a high resolution scanning type 
electronic microscope, and it was observed that a porous 
silicon layers similar to that of Experiment 1 was formed. A 
thickness of the porous layer was about 200 nm. Moreover, 
when a distribution of B in a depth direction was checked by 
secondary ion mass analysis, a junction depth was about 200 
nm, and it was confirmed that the formation of the porous 
portion by anodization was terminated in p-layer. 
[0048] (Experiment 3) Formation of Solar Cell 

The single-crystal wafer with the porous silicon 
layer on the surface obtained in Experiment 2 was used to 
prepare a solar cell. 

[0049] A transparent conductive film (ITO) serving also as a 
reflection preventive layer and a grid-like current collector 
electrode were vacuum-deposited on the porous layer surface, 
a metal forming an ohmic electrode was vacuum- deposited on a 
wafer surface opposite to the porous layer, and the solar 
cell was prepared. When current -voltage characteristics (I-V 
characteristics) of the prepared solar cell were measured 
under AM 1.5 (100 mW/cm 2 ) light irradiation, at a cell area 
of 6 cm 2 , an open voltage was 0.60 V, short-circuit 
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photoelectric current was 36 mA/cm 2 , curve factor was 0.74, 
and conversion efficiency was 15.9%. An excellent crystal 
solar cell with a high conversion efficiency was obtained. 
[0050] For reference, in experiment 2 a junction was formed 
by ion implantation, and no porosity was formed to prepare a 
solar cell. For the characteristics, the open voltage was 
0.58 V, short-circuit photoelectric current was 34 mA/cm 2 , 
curve factor was 0.77, and conversion efficiency was 15.2%. 
It was confirmed that the characteristics were improved, 
especially the photoelectric currents were increased by 
allowing the porous layer to function as the window layer. 
[0051] As described above, the present invention completed 
based on the aforementioned experiment results relates to a 
crystal solar cell obtained by forming an area different in 
conductive type on a silicon wafer and making the area porous. 
[0052] The present invention is characterized in that the 
porous layer is used as a light window layer and more light 
is supplied by a power generating layer. 

[0053] (Experiment 4) Epitaxial Growth Method on Porous 
Silicon 

Epitaxial growth was performed on the porous silicon 
layer on the wafer formed in Experiment 1 by an ordinary low- 
pressure CVD method (LPCVD method). Used as a raw material 
was SiH 2 Cl 2 . A carrier gas of H 2 was applied. The growth 
conditions are shown in Table 3. 
[0054] 

[Table 3] 



GAS FLOW RATE 


SUBSTRATE TEMPERATURE 


PRESSURE 


GROWTH TIME 


SiH 2 Cl 2 /H 2 
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0.5/100 1/min 


950 °C 


100 Torr 


60 min 



After the growth was completed, a crystal growth 



surface state was observed with an optical microscope and 
scanning type electronic microscope. A flat surface was 
obtained, and a thickness of an epitaxial layer was about 50 
\xm. Moreover, when a growth layer section was observed with 
a transmission type electronic microscope, a single-crystal 
epitaxial layer having excellent crystal properties was 
confirmed. 

[0055] (Experiment 5) Formation of Solar Cell 

The epitaxial silicon on the porous layer obtained 
in Experiment 1, 4 was used to prepare a solar cell. 
[0056] A substrate was immersed in aqueous KOH solution to 
anisotropy-etch an epitaxial layer surface, and a texture 
having a height between convex and concave of about several 
micrometers was constructed. Subsequently, ions were 
implanted into the epitaxial layer surface with the texture 
constructed thereon at P, 50 KeV, lxl0 15 cm" 2 , and continuous 
annealing was performed at 550°C for one hour, 800°C for 30 
min. and 550°C for one hour to activate impurities and 
recover damages by the ion implantation, so that junction was 
formed. Finally, a grid- like current collector electrode and 
reflection preventive transparent conductive film were 
vacuum- deposited on the epitaxial layer surface to prepare 
the solar cell. 

[0057] For the solar cell using the epitaxial thin film 
grown on the porous area as described above, when current - 
voltage characteristics (I-V characteristics) were measured 
under AM 1.5 (100 mW/cm 2 ) light irradiation, at the cell area 
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of 6 cm 2 , the open voltage was 0.61 V, short-circuit 
photoelectric current was 35 mA/cm 2 , curve factor was 0.76, 
and conversion efficiency was 16.2%. An excellent crystal 
solar cell with a high conversion efficiency was obtained. 
[0058] (Experiment 6) The porosity formation conditions, 
solar cell characteristics and anodization conditions were 
changed, a size and number density of holes of the porous 
layer ware changed, and the correlation with solar cell 
characteristics was checked. 

[0059] First, formation currents were changed during the 
anodization of a substrate wafer. In the conditions of Table 
1 of Experiment 1, the current density was changed to 125 
mA/cm 2 from 5 mA/cm 2 , and hole states on the porous layer 
surface were observed with the high resolution scanning type 
electronic microscope. 

[0060] As a result, it was found that the hole size was 
increased with the increase of the current density, but the 
number density of holes underwent no change (Table 4). 
[0061] 

[Table 4] 



CURRENT DENSITY 


5 mA/cm 2 


30 mA/cm 2 


125 mA/cm 2 


HOLE DIAMETER 


to 3 nm 


to 6 nm 


to 13 nm 


NUMBER DENSITY 


3.7X10 11 


4xl0 u 


3.5xlO u 



In the above, when the specific resistance of 



substrate wafer was set to 1 Q # cm to perform formation in 
the same manner, the number density was increased. When the 
current density was 3 mA/cm 2 , a hole diameter was 2.5 nm at 
maximum, and the number density was 2xl0 12 /cm 2 . The hole 
diameter and number density of holes on the porous layer 
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surface can be controlled by changing the formation 
conditions in this manner, 

[0062] Subsequently, a solar cell was formed on the porous 
layer prepared as described above in the same manner as 
Experiment 4, 5, and changes of characteristics were checked. 
Table 5 shows changes of photoelectric currents of the solar 
cell when the formation current density is changed using a 
specific resistance of 0,01 £2 # cm (p type) on a substrate 
wafer . 
[0063] 

[Table 5] 



FORMATION CURRENT 


5 mA/cm 2 


30 mA/cm 2 


125 mA/cm 2 


PHOTOELECTRIC CURRENT 


33 mA/cm 2 


35 mA/cm 2 


37 mA/cm 2 



With the increase of the formation current, the 



photoelectric current of the solar cell changes. Moreover, 
when a substrate wafer having a specific resistance of 1 
Q»cm was used, and a porous layer was formed at a formation 
current of 3 mA/cm 2 on the conditions of Table 1, the 
photoelectric current of a prepared solar cell was 34 mA/cm 2 . 
These result because in an interface of porous layer and 
epitaxial silicon layer, light reflection from a pored 
portion is increased on the side of the porous layer, and 
light is effectively trapped in the epitaxial silicon layer. 
[0064] For reference, when a solar cell was prepared on a 
substrate wafer having a specific resistance of 0.01 Q # cm in 
the same manner as Experiment 4, 7 (with no porous layer- 
formed ), the photoelectric current was 32 mA/cm 2 . 
[0065] As described above, the present invention completed 
based on the results of Experiments 1, 4 to 6 relates to a 
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crystal solar cell obtained by forming a porous layer on a 
wafer and forming a silicon layer on the porous layer, and a 
manufacture method thereof. The present invention is 
characterized in that the porous layer is used as a light 
reflecting layer and FZ wafer or another high-quality wafer 
is unnecessary. 

[0066] (Experiment 7) Separation of Porous Layer and Fixing 
thereof to Metal Substrate 

In Experiment 1, for the conditions of Table 1, the 
time was lengthened, a porous layer was formed in about 100 
pun, HF concentration in aqueous formation solution was 
dropped to about 1% after the formation of the porous layer, 
and the formation current density was raised to 150 mA/cm 2 . 
In an electrolytic grinding mode, the formed porous layer was 
separated from a wafer. 

[0067] After the separated porous layer was placed and 
attached onto a 1 mm thick Cr substrate, annealing was 
performed in N 2 atmosphere at 1100°C for two hours for 
lamination. The porous layer was then fixed to the Cr 
substrate. 

[0068] When a section of a fixed porous layer/Cr substrate 
interface was observed with a transmission type electronic 
microscope, it was confirmed that a silicide layer of CrSi 2 
was formed on the interface. 

[0069] (Experiment 8) Formation of Solar Cell 

An epitaxial silicon on the metal substrata/porous 
layer was used to prepare a solar cell based on the results 
of Experiments 1, 4, 7. 

[0070] Epitaxial growth was performed on the porous silicon 
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layer on Cr substrate obtained in Experiment 7 on the 
conditions of Table 3 by an ordinary LPCVD method. 
[0071] Ions were implanted into the epitaxial layer surface 
at P, 50 KeV, lxl0 15 cm" 2 , and continuous annealing was 
performed at 550°C for one hour, 800°C for 30 min. and 550°C 
for one hour to activate impurities and recover damages by 
the ion implantation, so that junction was formed. Finally, 
a reflection preventive transparent conductive film and grid- 
like current collector electrode were vacuum-deposited on the 
epitaxial layer surface to prepare the solar cell. 
[0072] For the solar cell using the epitaxial thin film 
grown on the porous area as described above, when current - 
voltage characteristics (I-V characteristics) were measured 
under AM 1.5 (100 mW/cm 2 ) light irradiation, at the cell area 
of 6 cm 2 , the open voltage was 0.52 V, short-circuit 
photoelectric current was 31 mA/cm 2 , curve factor was 0.73, 
and conversion efficiency was 11.8%. An excellent crystal 
solar cell was obtained. 

[0073] As described above, the present invention completed 
based on the results of Experiments 1, 4 to 6 relates to a 
thin-film crystal solar cell obtained by forming a porous 
layer on a wafer, separating (peeling) the porous layer from 
the wafer, fixing the porous layer to a metal substrate, and 
using an epitaxial layer grown on the porous layer, and a 
manufacture method thereof. 

[0074] The present invention is characterized in that the 
characteristics equal to those of the epitaxial layer on the 
wafer can be obtained using the epitaxial layer on the porous 
area, the wafer for forming the porous layer can be reused, 
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and effective cost is provided. 

[0075] Hydrofluoric acid solution is used in anodization 
method for forming a porous silicon layer for use in the 
present invention, and porosity can be realized at HF 
concentration of 10% or more. The amount of electric 
currents flowing during the anodization is appropriately 
determined by HF concentration, desired porous layer 
thickness, porous layer surface state and the like, but 
preferably in the range of about several mA/cm 2 to several 
dozens of mA/cm 2 . 

[0076] Moreover, when ethyl alcohol or another alcohol is 
applied to HF solution, air bubbles of reaction product gas 
generated during the anodization can momentarily be removed 
from a reaction surface without being stirred. The porous 
silicon can be formed uniformly and efficiently. An amount 
of applied alcohol is appropriately determined by HF 
concentration, desired porous layer thickness, or porous 
layer surface state, but needs to be determined particularly 
not to excessively lower the HF concentration. 
[0077] The conductive type of the wafer surface layer to be 
made porous may be of either p type or n type, but especially 
in the p type, formation can automatically be completed by 
performing the anodization in a dark place. 

[0078] Conversely, in the electrolytic grinding performed to 
separate the porous layer from the wafer after the porous 
lay^r is formed, HF concentration needs to be several % or 
less, and the formation current needs to be 100 mA/cm 2 or 
more. 

[0079] In the present invention, examples of epitaxial 
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growth method for use in forming the silicon layer on the 
porous layer include LPCVD, sputtering, plasma CVD, optical 
CVD, liquid phase growth method, and the like. 
[0080] Examples of material gas for use in LPCVD, plasma CVD, 
optical CVD and another gas phase growth method include 
SiH 2 Cl 2 , SiCl 4 , SiHCl 3 , SiH 4 , Si 2 H 6 , SiH 2 F 2 , Si 2 F 6 or other 
silanes, silane halides and the like. 
[0081] Moreover, H 2 is added to the material gas as a 
carrier gas or for the purpose of obtaining a reducing 
atmosphere promoting the crystal growth. An amount 
proportion of the material gas and hydrogen is appropriately 
determined by a forming method, material gas type and forming 
conditions, but preferably in the range of 1:10 to 1:1000 
(introduction flow rate), more preferably 1:20 to 1:800. 
[0082] In the liquid phase growth method. Si is dissolved in 
solvent of Ga, In, Sb, Bi, Sn or the like in H 2 or N 2 
atmosphere, and the solvent is slow cooled or a temperature 
difference is made in the solvent, so that the epitaxial 
growth is performed. When Sn is used as the solvent, 
obtained crystal is electrically neutral, and conductive type 
can be determined at a desired doping concentration by 
appropriately applying desired impurities after or during the 
growth . 

[0083] Moreover, the temperature and pressure in the 
epitaxial growth method for use in the present invention 
differ with the forming method, used material gas type, flow 
ratio of material gas and H 2 and other forming conditions but, 
for example, in the ordinary LPCVD method the temperature is 
preferably controlled in the range of 600°C to 1250°C, more 
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preferably 650°C to 1200°C. In the liquid phase growth 
method, the temperature differs with solvent type, but is 
preferably controlled in the range of 850°C to 1050°C when Sn 
is used. Moreover, in the plasma CVD method or another low 
temperature process, the temperature is preferably controlled 
in the range of 200°C to 600°C, more preferably 200°C to 500°C. 
[0084] Similarly, the pressure is preferably in the range of 
10" 2 Torr to 760 Torr, more preferably 10' 1 Torr to 760 Torr. 
[0085] In the solar cell of the present invention, a metal 
substrate material to which the porous silicon layer is fixed 
may be any arbitrary metal having an excellent conductivity 
and forming a compound of silicon, silicide or the like, such 
as W, Mo, Cr and the like. Of course, any other material may 
be used as long as the metal having the mentioned properties 
sticks to the surface. Therefore, an inexpensive substrate 
other than metal can be used. A thickness of silicide layer 
is not especially limited, but preferably in the range of 
0.01 to 0.2 |im. 

[0086] In the present invention, for another method of 
forming the silicon layer on the porous layer, another 
separate silicon wafer surface and the porous layer surface 
are overlapped and laminated through thermal treatment, and 
subsequently the thickness may be reduced by cutting the 
silicon wafer. For thermal treatment conditions, time is 
preferably in the range of 30 minutes to several hours in N 2 
atmosphere at 1000°C or more. 

[0087] In the solar cell of the present invention, to reduce 
a reflection loss of incident light, a texture is formed on 
the silicon layer surface using hydrazine, NaOH, KOH or the 
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like. A height of formed texture pyramid is preferably in 
the range of several micrometers to several dozens of 
micrometers . 

[0088] Moreover, in the solar cell of the present invention, 
a depth of formed junction varies with the amount of 
introduced impurities, but is preferably in the range of 0.05 
to 3 (jun, more preferably 0.1 to 1 (im. 
[0089] 

[Embodiment] Embodiments in which the method of the present 
invention is implemented to form desired solar cells will be 
described hereinafter in more detail, but the present 
invention is not limited to these embodiments. 
[0090] (Example 1) As described above, a porous 
silicon/single-crystal silicon solar cell was prepared in a 
process shown in Fig. 2 in the same manner as Experiments 1 
to 3. 

[0091] First, B thermal diffusion was performed on a surface 
of n-type (100) silicon wafer (p=l Qcm) surface having a 
thickness of 500 \im using BC1 3 as a diffusion source at 950°C 
to form p* layer, so that a Junction depth of about 0.5 pi 
was obtained. 

[0092] After a dead layer of formed p* layer surface was wet 
oxidized, the layer was etched and removed, and a junction 
depth of about 0.2 [im having an appropriate surface 
concentration was obtained (Fig. 2(a)). 

[0093] Subsequently, the p* layer surface was subjected to 
anodization in aqueous HF solution in a dark place on the 
conditions of Table 2, so that a porous silicon layer was 
formed on the wafer (Fig. 2(b)). 
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[0094] Finally, by EB (Electron Beam) deposition, ITO 
transparent conductive film (82 nm) /current collector 
electrode (Ti/Pd/Ag (400 nm/200 nm/1 urn)) were formed on the 
porous layer. Moreover, Ti/Cr (400 nm/1 nm) as back-surface 
electrodes were formed on a wafer back surface (Fig. 2(c)). 
[0095] For the porous silicon/crystal silicon solar cell 
obtained as described above, when I-V characteristics under 
AM 1.5 (100 mW/cm 2 ) light irradiation were measured, at the 
cell area of 6 cm 2 , the open voltage was 0.61 V, short- 
circuit photoelectric current was 36.4 mA/cm 2 , curve factor 
was 0.76, and energy conversion efficiency was 16.9%. 
[0096] As described above, the porous silicon layer formed 
on the single -crystal silicon was used as the window layer, 
and the thin-film crystal solar cell having excellent 
characteristics could be prepared. 

[0097] (Example 2) In the same manner as Example 1, a 
porous layer was formed on a textured wafer surface to 
prepare a solar cell. 

[0098] A 500 \xm thick, n-type (100) silicon wafer (p=3 Qcm) 
was immersed in aqueous hydrazine solution with 60% 
concentration for ten minutes, and the wafer surface was 
formed in a texture having about several micrometer 
concave /convex structure. 

[0099] Subsequently, B thermal diffusion was performed on 
the textured surface using BC1 3 as a diffusion source at 
950°C to form p* layer, so that a junction depth of about 0.5 
^m was obtained. After a dead layer of formed p + layer 
surface was wet oxidized, the layer was etched and removed, 
and a junction depth of about 0.2 \m having an appropriate 
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surface concentration was obtained. The p* layer surface was 
subjected to anodization in aqueous HF solution in a dark 
place on the conditions of Table 2, so that a porous silicon 
layer was formed on the textured wafer. Thereafter, ions 
were implanted into a wafer back surface at P, 50 KeV, 
lxlo 15 cm~ 2 , and continuous annealing was performed at 550°C for 
one hour and 750°C for two hours to form n + layer. 
[0100] Furthermore, by EB (Electron Beam) deposition, ITO 
transparent conductive film (82 nm) /current collector 
electrode (Ti/Pd/Ag (400 nm/200 nm/1 ym) ) were formed on the 
porous layer. Moreover, Ti/Cr (400 nm/1 \im) as back-surface 
electrodes were formed on the wafer back surface. 
[0101] For the crystal silicon solar cell obtained as 
described above, when I-V characteristics under AM 1.5 (100 
mW/cm 2 ) light irradiation were measured, at the cell area of 
6 cm 2 , the open voltage was 0.62 V, short-circuit 
photoelectric current was 36.5 mA/cm 2 , curve factor was 0.76, 
and energy conversion efficiency was 17.2%. 
[0102] (Example 3) In the same manner as Examples 1, 2, a 
porous silicon/polycrystalline silicon thin-film solar cell 
was prepared using a polycrystalline silicon wafer. 
[0103] A 500 juim thick, n-type polycrystalline silicon wafer 
(p=2 Qcm; crystal grain diameter of several millimeters to 
several dozens of millimeters) was immersed in boiled aqueous 
NaOH solution with 1% concentration for five minutes, and a 
silicon layer surface was textured. Subsequently, B thermal 
diffusion was performed on the textured surface using BC1 3 as 
a diffusion source at 950°C to form p + layer, so that a 
junction depth of about 0.5 \m was obtained. After a dead 
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layer of formed p* layer surface was wet oxidized, the layer 
was etched and removed, and a junction depth of about 0.2 \m 
having an appropriate surface concentration was obtained. 
The p + layer surface was subjected to anodization in aqueous 
HF solution in a dark place on the conditions of Table 2, so 
that a porous silicon layer was formed on the textured 
polycrystalline wafer. Thereafter, ions were implanted into 
a wafer back surface at P, 50 KeV, lxl0 15 cm~ 2 , and continuous 
annealing was performed at 550°C for one hour and 750°C for 
two hours to form n + layer. 

[0104] Furthermore, by EB (Electron Beam) deposition, ITO 
transparent conductive film (82 nm) /current collector 
electrode (Ti/Pd/Ag (400 nm/200 nm/1 pun)) were formed on the 
porous layer. Moreover, Ti/Cr (400 nm/1 \xm) as back-surface 
electrodes were formed on the wafer back surface. 
[0105] For the porous silicon/polycrystalline silicon solar 
cell obtained as described above, when I-V characteristics 
under AM 1.5 (100 mW/cm 2 ) light irradiation were measured, at 
the cell area of 6 cm 2 , the open voltage was 0.58 V, short- 
circuit photoelectric current was 35.8 mA/cm 2 , curve factor 
was 0.75, and energy conversion efficiency was 15.6%. 
[0106] Moreover, for reference, in the above the p + layer 
was not made porous. In this case, the short-circuit 
photoelectric current of the solar cell was 30.5 mA/cm 2 . 
[0107] As described above, the crystal solar cell having 
excellent characteristics could be prepared using the porous 
layer on the polycrystalline silicon wafer. 
[0108] (Example 4) In the same manner as Example 1, a 
porous silicon/single-crystal silicon solar cell of nVp/p + 
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was prepared. 

[0109] First, P thermal diffusion was performed on a 500 \m 
thick, p-type (100) silicon wafer (p=l Qcm) surface using 
P0C1 3 as a diffusion source at 900°C to form n* layer, so that 
a junction depth of about 0.5 |ini was obtained. After a dead 
layer of formed n* layer surface was wet oxidized, the layer 
was etched and removed, and a junction depth of about 0.2 \im 
having an appropriate surface concentration was obtained. 
[0110] Subsequently, the n + layer surface was subjected to 
anodization in aqueous HF solution under light irradiation on 
conditions of Table 6, so that a porous silicon layer was 
formed on the wafer. 
[0111] 

[Table 6] 



APPLIED VOLTAGE 



CURRENT DENSITY 



ANODIZATION SOLUTION 



TIME 



2.4 V 



5 mA/cm 2 



HF:H,Q:C,H.OH=ltl:l 



1 min 



Finally, by EB (Electron Beam) deposition, ITO 
transparent conductive film (82 nm) /current collector 
electrode (Ti/Pd/Ag (400 nm/200 nm/1 \un)) were formed on the 
porous layer. Moreover, Al paste as a back- surface electrode 
was printed on a wafer back surface, and annealing was 
performed to form p* layer between the back-surface electrode 
and the wafer by alloying reaction. 

[0112] For the porous silicon/crystal silicon solar cell 
obtained as described above, when I-V characteristics under 
AM 1.5 (100 mW/cm 2 ) light irradiation were measured, at the 
cell area of 6 cm 2 , the open voltage was 0.61 V. short - 
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circuit photoelectric current was 36.8 mA/cm 2 , curve factor 
was 0.75. and energy conversion efficiency was 16.8%. 
[0113] As described above, according to the present 
invention, an excellent solar cell can be manufactured using 
the porous silicon layer formed on the wafer as the window 
layer . 

[0114] (Example 5) As described above, in the same manner 
as Experiments 1. 4 to 6. a porous/epitaxial silicon thin- 
film solar cell was prepared in a process shown in Fig. 4. 
[0115] A 500 \xia thick, p-type (100) silicon wafer (p=0.01 
Q'cm) was anodized in aqueous HF solution on conditions of 
Table 7, so that a porous silicon layer was formed on the 
wafer (Fig. 4(a)). 
[0116] 



APPLIED VOLTAGE 


2.8 V 


CURRENT DENSITY 


100 mA/cm 2 


ANODIZATION SOLUTION 


HF:H,0:C,H,OH=l:l:l 


TIME 


0.5 min 


POROUS LAYER THICKNESS 


3 pm 



Epitaxial growth was performed on a porous silicon 
layer surface by an ordinary LPCVD device on forming 
conditions of Table 3. and a thickness of the silicon layer 
was about 50 urn (Fig. 4(b)). 

[0117] A substrate was immersed in boiled aqueous NaOH 
solution with 1% concentration for about five minutes to 
texture a formed epitaxial silicon layer surface (Fig. 4(c)) 
Subsequently. P thermal diffusion was performed on the 
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epitaxial layer surface using P0C1 3 as a diffusion source at 
900°C to form n* layer, so that a junction depth of about 0.5 
\tm was obtained. After a dead layer of formed n* layer 
surface was wet oxidized, the layer was etched and removed, 
and a junction depth of about 0.2 |im having an appropriate 
surface concentration was obtained. 

[0118] Finally, by EB (Electron Beam) deposition, current 
collector electrode (Ti/Pd/Ag (400 nm/200 nm/1 |im))/IT0 
transparent conductive film (82 nm) were formed on the n + 
layer (Fig. 4(e)). 

[0119] For the thin-film crystal solar cell obtained as 
described above, when I-V characteristics under AM 1.5 (100 
mW/cm 2 ) light irradiation were measured, at the cell area of 
6 cm 2 , the open voltage was 0.62 V, short-circuit 
photoelectric current was 37.4 mA/cm 2 , curve factor was 0.77, 
and energy conversion efficiency was 17.9%. 

[0120] As described above, the thin-film crystal solar cell 
providing a high conversion efficiency could be manufactured 
using the epitaxial layer formed on the porous layer. 
[0121] (Example 6) In the same manner as Example 5, a p + n 
thin-film crystal solar cell was prepared. A 500 \m thick, 
n-type (100) silicon wafer (p=0.01 Q # cm) was anodized in 
aqueous HF solution on the conditions of Table 7, so that a 
porous silicon layer was formed on the wafer. 
[0122] An epitaxial silicon layer was grown about 100 ° n 
the porous layer for a growth time of 120 minutes in the 
forming conditions of Table 3 by LPCVD device. The wafer was 
immersed in aqueous hydrazine solution with 60% concentration 
at 110°C for ten minutes to texture an epitaxial layer 
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surface . 

[0123] Subsequently, B thermal diffusion was performed on 
the epitaxial layer surface using BC1 3 as a diffusion source 
at 950°C to form p + layer, so that a junction depth of about 
0.5 \xm was obtained. After a dead layer of formed p* layer 
surface was wet oxidized, the layer was etched and removed, 
and a junction depth of about 0.2 jjuti having an appropriate 
surface concentration was obtained. 

[0124] Furthermore, the epitaxial layer surface was oxidized 
thin (to 10 nm) by dry oxidation, an oxide film was etched 
into a fine grid form using photolithography method, and 
current collector electrode (Ti/Pd/Ag (400 nm/200 nm/1 \xm)) 
was further deposited via a metal mask. Finally, ITO 
transparent conductive film (82 nm) was further formed. 
[0125] For the thin-film crystal silicon solar cell obtained 
as described above, when I-V characteristics under AM 1.5 
(100 mW/cm 2 ) light irradiation were measured, at the cell 
area of 6 cm 2 , the open voltage was 0.65 V, short-circuit 
photoelectric current was 37.5 mA/cm 2 , curve factor was 0.76, 
and energy conversion efficiency was 18.5%. 
[0126] (Example 7) In the same manner as Examples 5, 6, a 
porous/silicon thin-film solar cell was prepared using a 
polycrystalline silicon wafer. 

[0127] A 500 \xm thick, p-type polycrystalline silicon wafer 
(p=0.02 Q»cm; crystal grain diameter of several millimeters 
to several dozens of millimeters) was anodized in aqueous HF 
solution on conditions of Table 8, so that a porous silicon 
layer was formed on the wafer. 
[0128] 
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[Table 8] 



APPLIED VOLTAGE 


2.4 V 


CURRENT DENSITY 


50 mA/cm 2 


ANODIZATION SOLUTION 


HF:H 2 0:C 2 H 5 OH=l:l:l 


TIME 


1 min 


POROUS LAYER THICKNESS 


5 \im 



A silicon layer was grown about 100 \*m on the porous 
silicon layer surface for a growth time of 120 minutes in the 
forming conditions of Table 3 by an ordinary LPCVD device. 
In this case, the silicon layer crystal grain diameter was in 
the range of several millimeters to several dozens of 
millimeters, and substrate crystal properties were maintained. 
[0129] A substrate was immersed in boiled aqueous NaOH 
solution with 1% concentration for about five minutes to 
texture a formed silicon layer surface. Subsequently, P 
thermal diffusion was performed on the epitaxial layer 
surface using P0C1 3 as a diffusion source at 900°C to form n + 
layer, so that a junction depth of about 0.5 \wi was obtained. 
After a dead layer of formed n* layer surface was wet 
oxidized, the layer was etched and removed, and a junction 
depth of about 0.2 \xm having an appropriate surface 
concentration was obtained. 

[0130] Furthermore, the silicon layer surface was oxidized 
thin (to 10 nm) by dry oxidation, an oxide film was etched 
into a fine grid form using photolithography method, and 
current collector electrode (Ti/Pd/Ag (400 nm/200 nm/1 ) 
was further deposited via a metal mask. Finally, ITO 
transparent conductive film (82 nm) was further formed. 
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[0131] For the thin-film crystal silicon solar cell obtained 
as described above, when I-V characteristics under AM 1.5 
(100 mW/cm 2 ) light irradiation were measured, at the cell 
area of 6 cm 2 , the open voltage was 0.603 V, short-circuit 
photoelectric current was 34.2 mA/cm 2 , curve factor was 0.76, 
and energy conversion efficiency of 15.7% was obtained. 
[0132] The thin-film crystal solar cell providing a high 
conversion efficiency could be prepared using the silicon 
layer formed on the porous layer of the polycrystalline 
silicon. 

[0133] (Example 8) An n + p type thin-film crystal solar cell 
as shown in Fig. 1(c) was prepared using a liquid phase 
growth method. 

[0134] In the same manner as Example 5, a 500 \m thick, p- 
type (100) silicon wafer (p=0.01 Q # cm) was anodized in 
aqueous HF solution on the conditions of Table 7, so that a 
porous silicon layer was formed on the wafer. 
[0135] Epitaxial growth was performed by the liquid phase 
growth method on conditions of Table 9 to grow an epitaxial 
layer by about 45 fim. In this case, Sn was used as solvent, 
and Si was dissolved and saturated beforehand in Sn before 
the growth. Thereafter, slow cooling was started. In a 
certain supersaturated state, the porous layer surface of the 
wafer was immersed in Sn solution, and growth was performed 
for a predetermined time. 
[0136] 

[Table 9] 



H 2 FLOW RATE 


SOLVENT (Sn) TEMPERATURE 


SLOW COOLING RATE 


2.0 1/min 


950 900 °C 


0.5 °C/min 
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A substrate was immersed ±n boiled aqueous NaOH 
solution with 1% concentration for about five minutes to 
texture the silicon layer surface. Subsequently, P thermal 
diffusion was performed on the epitaxial layer surface using 
POCI3 as a diffusion source at 900°C to form n + layer, so that 
a junction depth of about 0.5 \un was obtained. After a dead 
layer of formed n + layer surface was wet oxidized, the layer 
was etched and removed, and a Junction depth of about 0.2 pun 
having an appropriate surface concentration was obtained. 
[0137] Finally, by EB (Electron Beam) deposition, current 
collector electrode (Ti/Pd/Ag (40 nm/20 nm/1 jiin))/ITO 
transparent conductive film (82 nm) were formed on the n + 
layer . 

[0138] For the thin -film crystal solar cell obtained as 
described above, when I-V characteristics under AM 1.5 (100 
mW/cm 2 ) light irradiation were measured, at the cell area of 
1 cm 2 , the open voltage was 0.59 V, short-circuit 
photoelectric current was 36.6 mA/cm 2 , curve factor was 0.75, 
and energy conversion efficiency of 16.2% was obtained. 
[0139] (Example 9) A silicon thin-film solar cell was 
prepared by laminating a porous layer and a silicon wafer. 
[0140] A 500 nm thick, p-type single-crystal silicon wafer A 
(p=0.01 Q # cm) was anodized in aqueous HF solution on the 
conditions of Table 7 , so that a porous silicon layer was 
formed on the wafer. 

[0141] A p-type single-crystal silicon wafer B of p=5 Q # cm 
was overlapped and laminated on a porous silicon layer 
surface by performing thermal treatment in N 2 atmosphere at 
1050°C for two hours. 
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[0142] In a laminated substrate, the wafer B was ground and 
left to provide a thickness of 100 \*m. 

[0143] The substrate was immersed in boiled aqueous NaOH 
solution with 1% concentration for about five minutes to 
texture the ground silicon layer surface. Subsequently, P 
thermal diffusion was performed on the silicon layer surface 
using P0C1 3 as a diffusion source at 900°C to form n + layer, 
so that a junction depth of about 0.5 jim was obtained. After 
a dead layer of formed n + layer surface was wet oxidized, the 
layer was etched and removed, and a junction depth of about 
0.2 jiun having an appropriate surface concentration was 
obtained. Furthermore, the silicon layer surface was 
oxidized thin (to 10 nm) by dry oxidation, an oxide film was 
etched into a fine grid form using photolithography method, 
and current collector electrode (Ti/Pd/Ag (400 nm/200 nm/1 
Hin)) was further deposited via a metal mask. Finally, ITO 
transparent conductive film (82 nm) was further formed. 
[0144] For the thin-film crystal silicon solar cell obtained 
as described above, when I-V characteristics under AM 1.5 
(100 mW/cm 2 ) light irradiation were measured, at the cell 
area of 6 cm 2 , the open voltage was 0.67 V, short-circuit 
photoelectric current was 38.1 mA/cm 2 , curve factor was 0.77, 
and energy conversion efficiency of 19.7% was obtained. 
[0145] As described above, the thin-film crystal solar cell 
providing a high conversion efficiency could be prepared 
using the silicon layer formed by lamination on the 
polycrystalline silicon porous layer. 
[0146] As described above, according to the present 
invention, the high-efficiency solar cell can be manufactured 
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using the silicon layer formed on the porous silicon on the 

wafer in a simpler process than the prior art. 

[0147] (Example 10) As described above, in the same manner 

as Experiments 1, 4, 7, 8a metal substrate/porous 

layer/ epitaxial silicon thin-film solar cell was prepared by 

a process shown in Fig. 3. 

[0148] A 500 \xm thick, p-type (100) silicon wafer (p=0.01 
Q # cm) was anodized in aqueous HF solution on conditions of 
Table 10, so that a porous silicon layer was formed on the 
wafer (Fig. 3(a) ) . 
[0149] 



APPLIED VOLTAGE 


2.8 V 


CURRENT DENSITY 


60 mA/cm 2 


ANODI Z ATION SOLUTION 


HF:H 2 0:C 2 H 5 OH=l:l:l 


TIME 


20 min 


POROUS LAYER THICKNESS 


100 \xm 



When the formation of the porous silicon layer was 



completed, HF concentration in aqueous formation solution was 
dropped to 1%, the formation current was raised to 100 mA/cm 2 , 
and the porous layer was separated from a wafer (Fig. 3(b)). 
[0150] The separated porous layer was placed and attached 
onto SUS substrate with 100 nm of Cr deposited thereon, and 
subsequently fixed thereto by performing annealing in N 2 
atmosphere at 1100°C for two hours (Fig. 3(c)). An epitaxial 
silicon layer was grown by about 100 \xm on the fixed porous 
silicon layer for a lengthened growth time in the forming 
conditions of Table 3 by an ordinary LPCVD device (Fig. 3(d)). 
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[0151] Subsequently, P thermal diffusion was performed on 
the epitaxial layer surface using P0C1 3 as a diffusion source 
at 900°C to form n + layer, so that a junction depth of about 
0.5 \im was obtained. After a dead layer of formed n + layer 
surface was wet oxidized, the layer was etched and removed, 
and a junction depth of about 0.2 nm having an appropriate 
surface concentration was obtained (Fig. 3(e)). 
[0152] Finally, by EB (Electron Beam) deposition, current 
collector electrode (Ti/Pd/Ag (400 nm/200 nm/1 |uun) ) /ITO 
transparent conductive film (82 nm) were formed on the n + 
layer (Fig. 3(f)). 

[0153] For the thin -film crystal solar cell obtained as 
described above, when I-V characteristics under AM 1.5 (100 
mW/cm 2 ) light irradiation were measured, at the cell area of 
1 cm 2 , the open voltage was 0.52 V, short-circuit 
photoelectric current was 33.8 mA/cm 2 , curve factor was 0.75, 
and energy conversion efficiency of 13.2% was obtained. 
[0154] The thin-film crystal solar cell indicating excellent 
characteristics could be prepared using the epitaxial layer 
formed on the metal substrate/porous layer as described above. 
[0155] (Example 11) In the same manner as Example 10, p*n 
thin crystal solar cell was prepared. A 500 thick, n-type 
(100) silicon wafer (p=0.01 Q»cm) was anodized in aqueous HF 
solution under light irradiation on the conditions of Table 
10, so that a porous silicon layer was formed on the wafer. 
[0156] When the formation of the porous silicon layer was 
completed, HF concentration in aqueous formation solution was 
dropped to 1%, the formation current was raised to 100 mA/cm 2 , 
and the porous layer was separated from a wafer. The 
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separated porous layer was placed and attached onto SUS 
substrate with 100 nm of Mo deposited thereon, and 
subsequently fixed thereto by performing annealing in N 2 
atmosphere at 1100°C for two hours. An epitaxial silicon 
layer was grown by about 80 Mm on the porous silicon layer 
for a lengthened growth time in the forming conditions of 
Table 3 by LPCVD device. After the growth, an epitaxial 
silicon layer surface was textured using aqueous hydrazine 
solution with 60% concentration. 

[0157] Subsequently, B thermal diffusion was performed on 
the epitaxial layer surface using BC1 3 as a diffusion source 
at 950°C to form p + layer, so that a junction depth of about 
0.5 nm was obtained. After a dead layer of formed n + layer 
surface was wet oxidized, the layer was etched and removed, 
and a junction depth of about 0.2 fim having an appropriate 
surface concentration was obtained. By EB deposition, 
current collector electrode (Ti/Pd/Ag (400 nm/200 nm/1 \xm) ) 
was deposited, and finally ITO transparent conductive film 
(820 nm) were further formed. 

[0158] For the thin-film crystal silicon solar cell obtained 
as described above, when I-V characteristics under AM 1.5 
(100 mW/cm 2 ) light irradiation were measured, at the cell 
area of 6 cm 2 , the open voltage was 0.53 V, short-circuit 
photoelectric current was 35.5 mA/cm 2 , curve factor was 0.74, 
and energy conversion efficiency of 13.9% was obtained. 
[0159] (Example 12) In the same manner as Examples 10, 11, 
a metal/porous /silicon thin-film solar cell was prepared 
using a polycrystalline silicon wafer. 

[0160] A 500 \xm thick, p-type polycrystalline silicon wafer 
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(p=0.02 Q # cm; crystal grain diameter of several millimeters 
to several dozens of millimeters) was anodiz d in aqueous HF 
solution on conditions of Table 11, so that a porous silicon 
layer was formed on the wafer. 
[0161] 

[Table 11] 



APPLIED VOLTAGE 


2.4 V 


CURRENT DENSITY 


30 mA/cm 2 


ANODIZ AT I ON SOLUTION 


HF:H 2 0:C 2 H 5 OH=l:l:l 


TIME 


40 min 


POROUS LAYER THICKNESS 


95 jJfli 



When the formation of the porous silicon layer was 



completed, HF concentration in aqueous formation solution was 
dropped to 1%, the formation current was raised to 200 mA/cm 2 , 
and the porous layer was separated from the polycrystalline 
wafer. The separated porous layer was placed and attached 
onto SUS substrate with 100 nm of Cr deposited thereon, and 
subsequently fixed thereto by performing annealing in N 2 
atmosphere at 1100°C for two hours. 

[0162] A silicon layer was grown by about 100 jjm on the 
fixed porous layer surface for a lengthened growth time in 
the forming conditions of Table 3 by an ordinary LPCVD device. 
In this case, the silicon layer crystal grain diameter was in 
the range of several millimeters to several dozens of 
millimeters, and substrate crystal properties were maintained. 
[0163] The substrate was immersed in boiled aqueous NaOH 
solution with 1% concentration for about five minutes to 
texture a silicon layer surface. Subsequently, P thermal 
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diffusion was performed on the epitaxial layer surface using 
POCI3 as a diffusion source at 900°C to form n + layer, so that 
a junction depth of about 0.5 \m was obtained. After a dead 
layer of formed n + layer surface was wet oxidized, the layer 
was etched and removed, and a junction depth of about 0.2 \m 
having an appropriate surface concentration was obtained. 
Finally, current collector electrode (Ti/Pd/Ag (400 nm/200 
nm/1 urn)} and ITO transparent conductive film (820 nm) were 
formed. 

[0164] For the thin-film crystal silicon solar cell obtained 
as described above, when I-V characteristics under AM 1.5 
(100 mW/cm 2 ) light irradiation were measured, at the cell 
area of 6 cm 2 , the open voltage was 0.51 V, short-circuit 
photoelectric current was 33.2 mA/cm 2 , curve factor was 0.73, 
and energy conversion efficiency of 12.4% was obtained. Even 
when the porous layer of polycrystalline silicon was used in 
this manner, the thin-film crystal solar cell indicating 
excellent characteristics could be prepared in the same 
manner as the single-crystal silicon. 

[0165] (Example 13) An n + p type thin -film crystal solar 
cell as shown in Fig. 1(b) was prepared using a liquid phase 
growth method. In the same manner as Example 10, a 500 \m 
thick, p-type (100) silicon wafer (p=0.01 Q»cm) was anodized 
in aqueous HF solution on the conditions of Table 10, so that 
a porous silicon layer was formed on the wafer. 
[0166] When the formation of the porous silicon layer was 
completed, HF concentration in aqueous formation solution was 
dropped to 1%, the formation current was raised to 100 mA/cm 2 , 
and the porous layer was separated from the wafer. The 
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separated porous layer was placed and attached onto SUS 
substrate with 100 nm of Ti deposited thereon, and 
subsequently fixed thereto by performing annealing in N 2 
atmosphere at 1100°C for two hours. Subsequently, epitaxial 
growth was performed on a fixed porous layer surface by the 
liquid phase growth method on the conditions of Table 9, and 
an epitaxial layer was grown by about 45 Mm. 
[0167] In this case, Sn was used as solvent, and Si was 
dissolved and saturated beforehand in Sn before the growth. 
Thereafter, slow cooling was started. In a certain 
supersaturated state, the porous layer surface was immersed 
in Sn solution, and growth was performed for a predetermined 
time. 

[0168] Subsequently, P thermal diffusion was performed on 
the epitaxial layer surface using POCl 3 as a diffusion source 
at 900°C to form n + layer, so that a junction depth of about 
0.5 \xm was obtained. After a dead layer of formed n + layer 
surface was wet oxidized, the layer was etched and removed, 
and a Junction depth of about 0.2 having an appropriate 
surface concentration was obtained. 

[0169] Finally, by EB (Electron Beam) deposition, current 
collector electrode (Ti/Pd/Ag (40 nm/20 nm/1 (jm))/ITO 
transparent conductive film (820 nm) were formed on the n + 
layer . 

[0170] For the thin-film crystal silicon solar cell obtained 
as described above, when I-V characteristics under AM 1.5 
(100 mW/cm 2 ) light irradiation were measured, at the cell 
area of 1 cm 2 , the open voltage was 0.53 V, short-circuit 
photoelectric current was 31.7 mA/cm 2 , curve factor was 0.76, 



and energy conversion efficiency of 12.8% was obtained. 
[0171] As described above, according to the pres nt 
invention, the porous silicon formed on the wafer is 
separated from the wafer and fixed to the metal substrate, 
and the excellent solar cell can be manufactured using the 
silicon layer formed on the porous layer. 
[0172] 

[Effect of the Invention] As described above, according to 
the invention of claim 1, the crystal solar cell having a 
window layer effect can be obtained without using different 
materials. Therefore, a mass -producible good-quality crystal 
solar cell can be provided on the market. 

[0173] According to the invention of claim 5, 6, the crystal 
thin-film solar cell high in photoelectric conversion 
efficiency can be provided and formed. Especially, the 
crystal thin-film solar cell can be provided inexpensively 
using the metal substrate. 

[0174] Furthermore, according to the invention of claim 15, 
16, a mass -producible inexpensive good-quality thin solar 
cell can be provided on the market. 
[Brief Description of the Drawings] 

[Fig. 1] It is a schematic sectional view showing a 

structure of a solar cell of the present invention. 

[Fig. 2] It is an explanatory view of a manufacture process 

of the solar cell of the present invention. 

[Fig. 3] It is an explanatory view of the manufacture 

process of the solar cell of the present invention. 

[Fig. 4] It is an explanatory view of the manufacture 

process of the solar cell of the present invention. 
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[Fig. 5] It is an explanatory view showing light reflection 
on an interface of porous layer and silicon layer. 
[Description of Reference Numerals] 
101a, 201 crystal silicon 
101b, 303 metal substrate 
101c, 401 first crystal silicon 

103a, 102b, 102c, 203, 302, 402 porous silicon layer 
103b, 103c, 303, 304 second crystal silicon 
104b, 104c, 305, 405 silicon layer of a conductive type 
opposite to the second crystal silicon 

104a, 105b, 105c, 204, 306, 405 transparent conductive layer 
105a, 106b, 106c, 205, 307, 406 current collector electrode 
106a, 206 back-surface electrode 

202 silicon layer of a conductive type opposite to crystal 
silicon (101a) 
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